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This report presents the final design by Montage Builders — Northern Forest for the US
DOE Challenge Home Student Design Competition, 2014.

Montage Builders — Northern Forest is an integrative project team of thirteen students
from the State University of New York College of Environmental Science and Forestry,
Onondaga Community College, and Syracuse University. We have designed a single
family dwelling that satisfies the DOE competition’s criteria and aligns with our
collective mission: to design a home that meets the needs of middle class Central
New Yorkers by providing a healthy living environment, financial resilience, and social
equality.

Even though our project is based on a single site in the city of Syracuse, we've
developed the plans with the intent to be “shovel ready” for local builders; keeping the
construction means and methods within their skill set has remained a fundamental
aspect of our design. By combining Building America’s research findings, best practice
solutions, and regionally specific building science principles with a local aesthetic and
constructability, we have created a model of success for Syracuse.

The Montage, an American Craftsman style house, offers a winning combination of
the movement’s local and historical relevance, commitment to natural materials and

a desirable aesthetic. The style’s inherent use of natural and honest materials bolsters
our commitment to occupant health, affordability, and environmental responsibility.
Furthermore, the design of a timeless well-established look that compliments the local
vernacular of the neighborhood creates curb appeal, an essential ingredient of the
home’s financial resilience.

Resource efficiency further contributes to the financial viability of The Montage. With
passive heating, cooling, and natural daylighting; ENERGY STAR fixtures and appliances;
a well insulated, air-sealed, and durable envelope; cutting-edge high-efficiency HVAC
equipment; and a compact domestic hot water distribution design, we offer the owner
a substantial reduction in utility costs compared to a typical home.

The Montage’s high performance package exemplifies our deliberate decision not to
use fossil fuels, and our utilization of available solar energy culminate to form a resilient
Net-Zero Energy home. This as well as our durability features and disaster preparedness
ensure that The Montage will have a positive lasting impact for centuries.

Finally, while durability, constructability, aesthetics, and resource efficiency are
paramount, people are at the heart of our design. Simply, our house enables and
empowers people. Incorporating visitability features that allow occupants to age

in place, recover from an unexpected injury, and invite friends with a variety of

physical abilities to participate in the preparation of a meal, and deep conversations
distinguishes this house from its less socially conscious counterparts. We hope to assert
the notion that the built environment can perpetuate social change.
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Montage Builders — Northern Forest strives to design and build regionally
appropriate and truly sustainable homes for our community though
holistic thinking and collaboration.

We reach beyond energy savings and creating equity for homeowners to
enhance the world, our neighborhoods, as well as the financial and physical
well being of communities, families, and individuals.

Truly sustainable buildings are part of a dynamic equilibrium between the
structure, its occupants, the environment, and the economy. They have the
ability to adapt according to occupants changing needs, provide safety and
livable shelter during extreme weather conditions, yield a positive impact
on occupant and environmental health, are financially viable to construct as
well maintain long term, and offer beauty.

Houses, when designed and built for people, speak to us. We wish to engage
our neighbors in a conversation about energy efficiency, community, and
sustainability. Ultimately, thorough education and awareness, we hope to
inspire a change in what home buyers expect from a house.

We are the next generation of builders and designers responding to
today’s demands with tomorrow in mind.

Montage, a combination of different elements that forms a unified whole,
references our teams diverse multi-cultural and multi-generational
aggregation of perspectives and experiences, which is the key for the
success of our design.

Northern Forest acknowledges the importance of regionally specific
design and the default (pre-development) landscape of our region - used
for accurate site ecosystem service assessment.
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A COLLABORATIVE TEAM OF

State University of New York - College of Environmental
Science and Forestry

Department of Sustainable Construction
Management and Engineering

Onondaga Community College

Department of Architecture and Interior Design
Syracuse University

L.C. Smith College of Engineering

Each of the departments has an emphasis on building science in
the program coursework and research.

The Department of Sustainable Construction Management and
Engineering offers a Bachelor of Science degree in Construction
Management, which prepares students for a wide variety of
professional careers in the construction industry. The department
has integrated building science in the following courses:

CME 342 - Light Construction

This course combines the information on light frame structural systems
(traditional and advanced framing) with building science principles for proper
envelope design. The last third of the course focuses exclusively on thermal,
moisture, and infiltration control of the envelope. The course culminates in
the students selecting an alternative construction approach (Rammed earth,
Straw bale, SIPs, Stacked log, ICF, etc.) and evaluating it based on the structural,
thermal, moisture and infiltration control characteristics.
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CME 305 Sustainable Energy Systems for Building

This course studies the technology, economics, and environmental impacts
of both building-scale renewable energy sources, as well as energy
conservation measures. The students perform a series of exercises to
evaluate methods of energy harvest as well as conservation at a building
scale. The course culminates in each student selecting an existing building
and determining the set of most cost-effective measures to retrofit the
building to net zero energy.

CME 304 Environmental Performance Measures for Building

This course is an overview of environmental and energy metrics used by
the construction industry. Systems covered include LEED, ICC 700, IGCC,
Energy Star, Passivhaus, Living Building Challenge, Green Globes, BEES,
and Athena Ecocalculator. Emphasis is placed on understanding how to
quantify energy and environmental impacts, both during design as well as
construction and operation

CME 215 Introduction to Sustainable Construction

This course is an introductory course to the field of sustainable
construction, both at the commercial and residential levels. The course
covers new materials and methods of green construction. The course
includes basic concepts of building science and a brief introduction to
ratings systems like LEED.

CME 332 Mechanical and Electrical Equipment

This course provides technical understanding of the function of building
mechanical systems. Concepts of thermal comfort, heat transfer, and
building performance metrics form the basis for the course. Individual
system operation (mechanical, electrical, and plumbing) and components
are covered. Description of commissioning and on-going measurement
and verification are included.

CME 565 Sustainable Innovations in Residential Construction

This course provides an integrated approach to the understanding of the
construction process. The course uses the principles of building science,
ecology, and biomimicry as the basis for helping the student develop

a holistic approach to the construction process. The course culminates

in a project where students teams work to evaluate actual projects on a
sustainable basis, and assist the owners in understanding the requirements
to attain green building and energy incentives offered by State and Federal
governments.
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The Department of Architecture and Interior Design at Onondaga
Community College offers an Associate of Science Degree in
Architecture Technology. The degree program prepares students
for careers in the design and construction industry. The program
stresses the fundamentals with four-semester, studio-course
sequences in design and drafting. Courses in residential (wood
frame) and commercial (masonry and steel) construction materials
and methods are required companions to the drafting courses.
Building science principles guide much of the decision-making
as the students design and develop building plans and details for
semester-long projects.

Sustainability and green building design concepts are infused in
every course we teach and BuildingAmerica and Building Science
Corp. information resources are utilized in the teaching and
learning process.

Two courses in particular address and focus on high performance
residential building design:

ARH 144 Introduction to Sustainable Construction

Covers the theory and principles of innovative sustainable construction with

a focus on residential construction. The course takes an integrated design and
ecological systems approach to high performance green building. Students
learn how to reduce the ecological impact of the built environment using
cutting-edge best practices. Topics include climate change, green building
principles, performance standards and measurements, and rating systems
including LEED® for Homes, EnergyStar, and HERS. Cost, life cycle assessment,
energy efficiency, renewable energy and solar elements, and valuing “natural
capital”are discussed. Instruction includes field trips to HP homes and students
work in teams and develop case study reports.

ARH 244 Residential Energy Performance

A fundamental study of energy efficiency and building science with an
emphasis on residential energy performance and analysis. Topics include basic
energy principles; building thermal boundary; and the control of air, heat, and
moisture. The interaction of building components with environmental factors is
essential to the discussion. Efficiency strategies for lighting, appliances,
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heating, cooling, and water heating are introduced. Strategies for dealing

with home health, air quality, and combustion safety problems are discussed.
Fundamentals of building inspection and diagnosis are covered, including

the use of the blower-door, duct-blaster, manometer, infrared camera, smoke
generator and other testing equipment. Instruction includes two four-hour field
experiences.

High performance commercial-sector green building design is also covered in:

ARH 263 Green Building Rating Systems

Acquaints the student with rating systems that seek to define and measure
sustainable, high-performing “green” buildings. Focus is on the U.S. Green
Building Council’s LEED® Green Building Rating System portfolio of rating
products and the major LEED credit categories including sustainable sites,
water efficiency, energy and atmosphere, materials and resources, indoor
environmental quality, regional priorities, and innovative design. Course
content includes an introduction to sustainability; core concepts; the
integrative design approach; the LEED certification process; and credit intents,
requirements, and strategies. Aspiring candidates for the GBCI LEED(R) Green
Associate examination find the course useful. The course includes field trips to
LEED registered and certified projects.

Other technology related courses include computer graphics, structures,
mechanical and electrical systems, building codes, and office practice.
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The Department of Mechanical and Aerospace Engineering at
Syracuse University offers a Bachelors of Science degree in
Mechanical Engineering, and performs world-class research at
the Building Energy and Environmental Systems Laboratory.
The mission of the BEESL includes advancing the science and
developing innovative technologies in the areas of indoor
environmental quality (IEQ), building energy efficiency (BEE)
and building protections. The Building Envelope Systems
Test Laboratory, a part of this work, performs research on the
infiltration performance of multiple wall assembly types. Other
research areas include:

Indoor pollutant sources and sinks such as building materials and
furnishings, office machines, consumer products, etc.

Combined air, heat, moisture and contaminant transport through
building envelopes. Interactions between indoor, outdoor environments
and HVAC systems/components.

Room air and contaminant distributions in personal/task, displacement,
or mixing ventilations.

Air and contaminant transports in multi-zone buildings and building
dynamics.

Air filtration/purification technologies for gas and particulate
contaminants including stand-alone room air cleaners and those
installed in HVAC ducts.

Building envelope systems (walls and window assemblies) performance
for thermal and moisture control performance.

Comprehensive Instrumentation for Material Characterization, including
thermal moisture, pollutant transport and storage properties.

Sensitivity, accuracy and reliability of environmental sensors and control
systems.

Ambient air samplers, industrial hygiene monitors, indoor air quality
monitors and sensors, thermal comfort monitors and occupational
protective equipment and materials.



As lead faculty member for the competition team, |, Paul
Crovella, certify that all the construction-major students have
satisfied the EEBA coursework. These members are:
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Michelle Tinner
Michael Walczyk
David Wallace
Andrew Kenneally
Zhaozhou Meng
Sarnai Davaadagva
Jeff Chen

Peter LaCongo
Jacek Bartczak
Gamika Korale

Brent Crump
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MICHELLE TINNER - TEAM LEAD

SUNY- ESF, Masters Student
Sustainable Construction Management

“For me, the richness of participating in this
competition lies in the hurdles we encounter along
the way and in the collaboration through which we
arrive at holistic solutions.”

MICHAEL WALCZYK

SUNY- ESF, Junior
Construction Management

“Building sustainably is similar to eating right. We
have the knowledge of what is healthy, tools to
inform us, ability to be proactive and adaptive, and
the materials to be environmentally friendly. Now,
we just need to combine all these ingredients in the
right order to create a home that will leave little to no
impact on the environment. This challenge allows me
to be a part of a design team whose purpose is to do
just that”

PETER LACONGO

SUNY- ESF, Senior
Construction Management

“The best part about working on a project like this is
the fact that you have the opportunity to learn lessons
that you would otherwise never learn in school”
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SARNAI DAVAADAGVA

SUNY-ESF, Senior
Environmental Science

“When [ first arrived at SUNY ESF, | knew | wanted to
make the world a better place, but | didn’t know how
to do it. Being part of the Montage Builders - Northern
Forest sustainable design team has given me the tools
and direction necessary to achieve my goal. | look
forward to carrying the knowledge | gain from this
team-work experience forward into my career as a
green building professional”

GAMIKA KORALE

SUNY-ESF, Senior
Construction Management

“The unremitting negative impacts towards the
environment with the advancement of industries
continue to hinder the fruitfulness of the environment.
The sustainable improvements made towards
commercial construction alone may not indentify the
effects caused by deleterious practices and therefore
makes it crucial to synchronize sustainability within
residential construction. This competition caters
towards the promotion of the science of sustainability
and highlights both the environmental and financial
lucrativeness present in “green homes” and is therefore
my personal vision towards this competition.”

BRENT CRUMP

SUNY-ESF, Senior
Construction Management

“Collaboration between designers and builders, who
fully believe in sustainability, is integral to reversing
the harmful effects poor design and construction have
placed on both the environment and human health
and welfare”
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ADAM SCALISI

SUNY-ESF, Senior
Landscape Architecture

“The landscape architecture field is rapidly changing
as we are being charged with employing landscapes
that are functional on far more levels than an aesthetic
one. When looking at a design project we have to
consider not only aesthetics but also ecological,
economic, and social impacts which makes our field
far more integral and versatile than it has ever been
before. This competition is a platform to display that
our landscapes can be working landscapes at all
scales, including individual residences.”

DAVID WALLACE

Onondaga Community College
A.A.S. Architectural Technology

“What is “Green” Architecture other than low emissive
material choices and creating a smaller environmental
footprint? | believe we must think of “Green”
Architecture as changing the human interaction
within the building they live and work in everyday. |
joined this project to further my knowledge in how to
do just that”

ANDREW KENNEALLY

Onondaga Community College
A.A.S. Architectural Technology

“This competition enabled us to work with students
from a number of different disciplines as well as
utilize the knowledge we acquired in the classroom
to productively deliver an efficient solution to a real
world issue.”
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STUDENT TEAM MEMBERS

JACEK BARTCZAK

Onondaga Community College
A.A.S. Architectural Technology

“Sustainability is the keystone of doing good for

the planet. By helping to progress sustainability in
construction we are bettering our environment today,
as well as for future generations.”

JEFF CHEN

Syracuse University, Graduate Student
Civil/Construction engineering and
sustainable infrastructure management

“As a structural designer, construction manager, and
sustainability enthusiast, | believe that structure
provides the skeleton, management offers the
procedure, and sustainable thoughts put the soul into
a building.”

ZHAUZHOU MENG

Syracuse University, Graduate Student
Mechanical and Aerospace Engineering

“The residential sector is responsible for approximately
21% of the total energy consumption in the U.S. As

an engineer, I'm interested in reducing that load and
bringing sustainable design to everyone’s daily life.
Through deliberate and thoughtful actions, we can
live better while using less energy. This competition

is a great way to learn, to practice, and to realize
sustainable design.”
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STUDENT TEAM MEMBERS

TALIA HORNER

Syracuse University, Senior
Industrial and Interaction Design

“Creating a sustainable future is one of the greatest
challenges we face today, but with interdisciplinary
collaboration and efficient design, | believe we can

make great changes regarding the impact the built
environment has on the world today.”

STUDENT CONTRIBUTERS

KRYSTAL TYRRELL

Onondaga Community College
A.A.S. Architectural Technology and
Interior Design

ELIZABETH ORR

SUNY-ESF
Environmental Science
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KENNETH BOBIS

AlA, LEED AP BD+C
Faculty Advisor,
Montage Builders —
Northern Forest

“It is most gratifying to know
that the students who make

up the Montage Builders

Team are keenly aware of the
“inconvenient truth” about

our planet and they have
embraced the Challenge Home
competition knowing that itis a
meaningful and tangible way for
them to make a positive impact
toward a sustainable future.”

PAUL CROVELLA

PE, LEED AP BD+C
Faculty Advisor,
Montage Builders -
Northern Forest

“I chose to work on the Challenge
Home competition because it
offers the opportunity to make

a change in our community.

The change will be seen in the
buildings that are built, but more
importantly it will be embodied
in the beliefs and aspirations
developed by those involved. For
me, the result of the Challenge
Home competition will never

be fully captured in a single
structure, but rather forever
shared by the community and
individuals involved in the work.”

KEVIN STACK

Faculty Advisor, Montage
Builders — Northern Forest

“My participation has allowed me
to witness firsthand the passion
and inner strength exhibited

by a diverse team of students
from multiple disciplines, most
of whom have just met. “Best
learning experience ever” is just
one of the many, many positive
comments I've heard from the
students. As a builder their
commitment inspires me to
continue my quest to “the race to

"

zero energy”.
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INDUSTRY ADVISORS

CHRIS STRAILE

Home Energy Technical Advisor, Syracuse Center of Excellence in

Energy and Environmental Systems

HILLARY MANSUR

Construction Manager, Home Headquarters

ESTHER GREENHOUSE

Principal - Esther Greenhouse Enabling Design

MICHELLE POPCUN
Licensed Real Estate Agent, RealtyUSA

NATE WALKER

Vice President, Solvay Bank

MARK HARRINGTON

Builder, Harrington Homes

TEDD BENSON

Owner, Bensonwood Homes

EDWARD WHITAKER

Owner, Green Thermal Systems

JOE SALIBRA

Sales Representative, Superior Walls of Upstate New York

COMMUNITY ADVISORS

PASTER FRED MANNARA
Most Holy Rosary Church
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DESIGN TOUCHSTONES // Design and
Construction Goals

The Montage, our evolved adaptation of a local

and timeless traditional house design for our
specific climate, was created using seven team-
defined touchstones critical to sustainability. These
touchstones reciprocate and reinforce themselves
— success in one will lead to or amplify success in
another.

g RESILIENT
==  HEALTHY
Q o
## EFFICIENT
@  mMELEss
M  seaumru
g HONEST
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Figure 1: Touchstones Connection Diagram

HEALTHY

By combining durability and passive measures with efficient envelope,

heating, ventilation, lighting, and domestic hot water distribution

strategies, we have achieved our goal of meeting the US DOE Challenge
Home and ENERGY STAR criteria, earning a HERS Index of 43. With the
addition of solar thermal and solar electric, we reach a HERS Index of

-5 while remaining within our budget, limiting the cash outflow, and
improving the equity for the future occupant. Using a building systems

approach to optimize and infuse the measures selected and their

relationships with respect to durability, performance, and finance lead to

the affordable, micro-load, and Net-Zero design of The Montage.
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While our seven sustainability touchstones achieve the high-performance
nature of our design, they were conceived with a bigger picture in mind.
Ecology’s seventh-generation concept inspired us to consider the long
term effects of our actions and the importance of resilience, health,
location, efficiency, timelessness, beauty, and honesty for people, the
planet, and profit centuries down the road. Outcomes we couldn’t have
reached without an equally sustainable collaboration process.

INTEGRATED DESICN PROCESS

ARCHITECTS

ENVIRONMENTAL
SCIENTISTS

ENGINEERS

DESIGNERS

CONSTRUCTION
MANAGERS

LANDSCAPE
ARCHITECTS
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Our team, Montage Builders — Northern Forest, is a diverse group of
undergraduate, graduate, and PhD students who came together in
response to a call from Professor Paul Corvella, our lead faculty advisor. We
represent seven different fields of study and three different educational
institutions, exemplifying cross pollination collaboration. Many of us did
not know each other before the project began; therefore, defining an
effective structure of cooperation and decision-making was essential

for the success of our integrated design process. We utilized a weighted
decision matrix to mold and enhance our design choices, allowing us to
achieve a multi-generational legacy in the shape of a building.

The decision matrix kept us in line with our commitment to people and
the environment despite the pressures of working with a realistic budget.
Figure 3 below demonstrates the level of care and consideration with
which we approached this project.

'Above Grade Walls

Weight: 14.9 13[ 1a7[ 152 139] 138] 10 15.3 1.4 7] 141 13.7 13.9
Supply No/Low
Indoor Chain (local|Recycled Resilience/ |Environ-
Build- |Air Water |Visit- |Net- |Climate |vs non I Recycl- |Dur- Passive mental
Attribute: Chal abil Quality |MGMT Zero |C able abi Te

Figure 3: Montage Weighted Decision Matrix - Wall Systems

About Global Warming Potential (GWP): According to a study conducted
by Alex Wilson, the “lifetime GWP” (embodied GWP and GWP related to the
blowing agent used) of extruded polystyrene (XPS) insulation is 56 times
greater than that of polyisocyanurate insulation. Adding four inches of XPS
rigid insulation to the exterior of a 2x6 wall system insulated with cellulose
results in a payback period (energy saved by the insulation to offset the
greenhouse gas emissions resulting from the use of that insulation) of 65
years in Climate Zone 5. If polyisocyanurate is used instead, the payback
period is only 2.7 years.'
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About Global Warming Potential (GWP): According to a study conducted
by Alex Wilson, the “lifetime GWP” (embodied GWP and GWP related to the
blowing agent used) of extruded polystyrene (XPS) insulation is 56 times
greater than that of polyisocyanurate insulation. Adding four inches of XPS
rigid insulation to the exterior of a 2x6 wall system insulated with cellulose
results in a payback period (energy saved by the insulation to offset the
greenhouse gas emissions resulting from the use of that insulation) of 65
years in Climate Zone 5. If polyisocyanurate is used instead, the payback
period is only 2.7 years.'
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Additionally, dynamic Governance, a tool used to structure effective
communication, collaboration, and shared leadership was used to facilitate
our meetings. Similar to the whole-system’s approach we used to design
The Montage, dynamic governance offered a holistic solution, making the
team better than the sum of its parts by helping us tap into the collective
intelligence of our group.

Meetings, first biweekly then weekly, were held with all team members,
faculty advisors, and our two core industry advisors. We used these three-
hour blocks of time to work through design challenges, update each other
on progress, and develop strategies for moving forward. Despite difficult
decisions; intense workloads; and at times, different opinions, our fostered
team-spirit remained strong, yielding a supportive and productive learning
experience for all members of Montage Builders — Northern Forest.

Figures 4: Montage Team Meetings
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DESIGN GOALS Il The race to zero

At our first official meeting each team member contributed three goals
that inspired them to participate in the project and listed the categories of
the competition they were most interested in. Regarding their input and
appreciating the value of team work, we assigned various responsibilities
to three sub-groups. We condensed the goals down to what are now our
guiding sustainability touchstones and used them to define our target for
performance.

As a group, we reached beyond the initial performance goals of A

HERS Index of 50 or lower, staying true to our touchstones, and staying
affordable for median income families in Syracuse, NY. In addition to
adhering to DOE Challenge Home and ENERGY STAR requirements, we
committed to achieving ICC 700, LEED for Homes, EPA WaterSense, EPA
IndoorAirPlus and IBHS Fortified certifications. Our design theoretically
achieves all of these certifications and reaches a projected HERS Index of
44, As a baseline for comparison, we also modeled The Montage to meet
the current Energy Conservation Construction Code of New York State; this
model only “earned” a HERS Index of 89.

THE MONTAGE The Montage meets the

minimum criteria for:

US DOE Challenge Home

FORTIFIED

ENERGY STAR A.-
Certified New Home: airPLUS

HERS Index without EPA Indoor ENERGY IBHS Fortified
Renewab|es: airPlus STAR for Safer
44 Living
With Renewables: m

s [5 | LEED
- Home Innovation FORHOMES Dwmwsbefions:

NGBS GREEN PARTNER-
ICC 700 EPA LEED for Homes:
Score WaterSense Platinum
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Seeking an exemplary model and framework for local builders, although
important, budget took a slight backseat to environment, health, water-
management, visitability, and durability goals. Return to Figure 3 to

view the weights in our decision matrix for details. By not compromising
quality for cost yet remaining committed to delivering a design that is still
affordable to the local community, we ended up with the best possible
house at the lowest possible cost. To build The Montage is an appropriate
and smart economic decision for a family earning $65,800 annually; this is
the median family income of Syracuse.

A 450 square foot solar photovoltaic system and a 96 square foot solar hot
water heating system are incorporated into our budget at a cost estimated
at $15,000 after tax credits and local incentives. With these renewable
systems The Montage reaches an impressive HERS Index of -5. Taking

into account the 3.5% energy cost inflation rate, we encourage the solar
systems investment right up front as it is within the budget and will save
the homeowner $84,365 over the course of thirty years.
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The Montage: No Solar

YOUR HOME WAS DESIGNED, ENGINEERED,
AND CONSTRUCTED IN CONFORMANCE TO
U.S. DEPARTMENT OF ENERGY (DOE)
GUIDELINES FOR EXTRAORDINARY

LEVELS OF EXCELLENCE AND QUALITY.

U.S. DEPARTMENT OF ENERGY  projected Rating: Based on Plans -

CHALLENG Field Confirmation Required.

pr— HERS® Index
p—
O M — ‘ More Energy

Standard
New Home

THIS HOME MEETS OR EXCEEDS THE MINIMUM  Zgro Energy
CRITERIA FOR THE FOLLOWING: Home

EPA Indoor airPlus Program

EPA WaterSense for New Homes Program

IBHS Fortified for Safer Living Program

DOE Challenge Home Quality Management Guidelines

REM/Rate - Residential Energy Analysis and Sam RASHKIN, CHIEF ARCHITECT
Rating Software v14.4.1 BuUIl DING TFCHNOI OGIFS
U.S. DEPARTMFNT OF ENFRGY
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Builder Name: Montage Builders - NF
Permit Date/Number:

Home Address: 201 Hubbell Ave
Syracyse , NY 13207

Rating Company: MBT Design

Rater Identification Number: 2636162
Rating Date: 3/17/14

Version: 3.0

Standard Features of an ENERGY STAR Certified New Home

Your ENERGY STAR certified new home has been designed, constructed, and independently verified to meet rigorous
requirements for energy efficiency set by the U.S. Environmental Protection Agency (EPA), including:

Thermal Enclosure System

A complete thermal enclosure system that
includes comprehensive air sealing, quality-
installed insulation and high-performing
windows to deliver improved comfort and
lower utility bills.

Air Infiltration Test: Htg: 1.00 Clg: 1.00 ACH50

Primary Insulation Levels:

Ceiling: R-60.0 FndWall: R-21.3
AGWall: R-46.0
Primary Window Efficiency:

U-Value: 0.300, SHGC: 0.300

Slab: R-41.3

Water Management System

A comprehensive water management system to
protect roofs, walls, and foundations.

Flashing, a drainage plane, and site grading to
move water from the roof to the ground and

then away from the home.

Water-resistant materials on below-grade walls and underneath
slabs to reduce the potential for water entering into the home.

Management of moisture levels in building materials during
construction.

Heating, Cooling, and Ventilation System
A high-efficiency heating, cooling system,

and ventilation system that is designed and
installed for optimal performance.

Total Duct Leakage:

NA

Duct Leakage to Outdoors:
NA

Primary Heating (System Type ¢ Fuel Type ¢ Efficiency):

Air-source heat pump, Electric, 3.7 COP.

Primary Cooling (System Type * Fuel Type ¢ Efficiency):

Energy Efficient

Lighting and Appliances

Energy efficient products to help reduce utility
bills, while providing high-quality performance.

S\

ENERGY STAR Qualified Lighting: 100%

ENERGY STAR Qualified Appliances and Fans:
Refrigerators: 1 Dishwashers: 1
Ceiling Fans: 2 Exhaust Fans: 1

Primary Water Heater (System Type * Fuel Type ¢ Efficiency):

Heat pump, Electric, 2.00 EF, 80.0 Gal.

None
TYPICAL TYPICAL
EXISTING HOMES NEW HOMES
LESS 140 130 120 110, 100 9 80 7 60| 50 MORE
EFFICIENT EFFICIENT

HERS® Index

and by a trained

The certificate provides a summary of the major energy efficiency and other construction features that contribute to this home earning the ENERGY STAR, including its Home Energy Rating System(HERS) score, as determined through
i i i i ional. The home Energy Rating System is a nationally i

uniform of the energy efficiency of homes.

Note that when a home contains multiple performance levels for a particular feature (e.g., window efficiency or insulation levels), the predominant value is shown. Also, homes may be certified to earn the ENERGY STAR using a sampling
protocol, whereby one home is randomly selected from a set of homes for representative inspections and testing. In such cases, the features found in each home within the set are intended to meet or exceed the values presented on this

certificate. The actual values for your home may differ, but offer equivalent or better performance.
This certificate was printed using REM/Rate - Residential Energy Analysis and Rating Software v14.4.1. © 1985-2013 Architectural Energy Corporation, Boulder, Colorado.

Learn more at www.energystargov/homefeatures
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The Montage: Solar PV and Solar Thermal

YOUR HOME WAS DESIGNED, ENGINEERED,
AND CONSTRUCTED IN CONFORMANCE TO
U.S. DEPARTMENT OF ENERGY (DOE)
GUIDELINES FOR EXTRAORDINARY

LEVELS OF EXCELLENCE AND QUALITY.
U.S. DEPARTMENT OF ENERGY  projected Rating: Based on Plans -

CHALLENGE Field Confirmation Required.

IOME e

Existing
Homes

Standard
New Home

THIS HOME MEETS OR EXCEEDS THE MINIMUM  Zgr0 Energy
CRITERIA FOR THE FOLLOWING: Home

EPA Indoor airPlus Program

EPA WaterSense for New Homes Program

IBHS Fortified for Safer Living Program

DOE Challenge Home Quality Management Guidelines

REM/Rate - Residential Energy Analysis and Sam RASHKIN, CHIEF ARCHITECT
Rating Software v14.4.1 BLII DING TFCHNOI OGIFS
U.S. DEPARTMFNT OF ENFRGY
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ENERGY STAR

D]€ ed d P, Dd o
Builder Name: Montage Builders - NF Rating Company: MBT Design
Permit Date/Number: Rater Identification Number: 2636162
Home Address: 201 Hubbell Ave Rating Date: 3/17/14
Syracyse , NY 13207 Version: 3.0

Standard Features of an ENERGY STAR Certified New Home

Your ENERGY STAR certified new home has been designed, constructed, and independently verified to meet rigorous
requirements for energy efficiency set by the U.S. Environmental Protection Agency (EPA), including:

Thermal Enclosure System Water Management System

A complete thermal enclosure system that A comprehensive water management system to
includes comprehensive air sealing, quality- A protect roofs, walls, and foundations.

installed insulation and high-performing | | ﬂ I

windows to deliver improved comfort and Flashing, a drainage plane, and site grading to
lower utility bills. move water from the roof to the ground and

Air Infiltration Test: Htg: 1.00 Clg: 1.00 ACH50 190 awayiiom thehome:

Primary Insulation Levels: Water-resistant materials on below-grade walls and underneath

Ceiling: R-60.0 FndWall: R-21.3 slabs to reduce the potential for water entering into the home.
AGWall: R-45.3 Slab: R-41.3 ) o ) )
. . . Management of moisture levels in building materials during
Primary Window Efficiency: construction.

U-Value: 0.300, SHGC: 0.300

Heating, Cooling, and Ventilation System

A high-efficiency heating, cooling system,
and ventilation system that is designed and
installed for optimal performance.

Energy Efficient
Lighting and Appliances

Energy efficient products to help reduce utility
bills, while providing high-quality performance.

<\

Total Duct Leakage:
NA

ENERGY STAR Qualified Lighting: 100%

ENERGY STAR Qualified Appliances and Fans:

Duct Leakage to Outdoors: Refrigerators: 1 Dishwashers: 1

NA Ceiling Fans: 2 Exhaust Fans: 1

Primary Water Heater (System Type ¢ Fuel Type ¢ Efficiency):
Heat pump, Electric, 2.00 EF, 80.0 Gal.

Primary Heating (System Type ¢ Fuel Type ¢ Efficiency):
Air-source heat pump, Electric, 3.7 COP.

Primary Cooling (System Type ¢ Fuel Type * Efficiency):

None
TYPICAL TYPICAL m
EXISTING HOMES NEW HOMES
LESS 140, 130/ 120 110 100 9 80| 7 60) 50| MORE
EFFICIENT EFFICIENT

HERS® Index

The certificate provides a summary of the major energy efficiency and other construction features that contribute to this home earning the ENERGY STAR, including its Home Energy Rating System(HERS) score, as determined through
i inspection and verif by a trained i The home Energy Rating System is a nati lly i uniform of the energy efficiency of homes.

Note that when a home contains multiple performance levels for a particular feature (e.g., window efficiency or insulation levels), the predominant value is shown. Also, homes may be certified to earn the ENERGY STAR using a sampling
protocol, whereby one home is randomly selected from a set of homes for representative inspections and testing. In such cases, the features found in each home within the set are intended to meet or exceed the values presented on this
certificate. The actual values for your home may differ, but offer equivalent or better performance.

This certificate was printed using REM/Rate - Residential Energy Analysis and Rating Software v14.4.1. © 1985-2013 Architectural Energy Corporation, Boulder, Colorado.

Leam more at www.energystargovihomefeatures
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PERFORMANCE GOALS

With our long-term positive impact goal in mind, we focused first

on one hundred plus year components to reduce the building’s load

while optimizing rapidly evolving “plug and play” mechanical systems.
Designing an envelope according to Building Science Corporation’s 5-10-
20-40-60 principle, eliminating thermal bridging, addressing air infiltration
and durability by specifying complete and user-friendly flashing details,
and integrating pest management resulted in a high-performance
envelope.

By maximizing the performance of the envelope, we minimized the need
for space conditioning. A Daikin Altherma air to water heat pump system
will satisfy the 14,000 Btu/h design heating load as well as all domestic hot
water needs. Compared to our baseline model of The Montage, which is
“built”to meet the current Energy Conservation Construction Code of New
York State, our super insulated and air-sealed building enclosure combined
with the high efficiency heat pump will reduce energy use by 41.3 percent
and avoid 6.1 tons of carbon dioxide from being released. By adding a PV
array and active solar, we prevent the consumption of energy by 109% and
the release of 9.4 tons of carbon per year.

Heating Season(MMBtu/yr)

u Baseline Montage m The Montage

40.00

mL.J.J_JL —

.1°'m _E
-20.00

Ceilings/Roofs
Rim/Band Joists
Above Grade Walls
Foundation Walls
Doors

Windows/ Skylights
Frame Floors

Crawl Space/Unht Bsmt
Slab Floors

Infiltration

Mechanical Ventilation
Active Solar

Sunspace

Internal Gains

Figure 5: Two Building Report, Montage v.s. Baseline Montage. Generated in REM Rate.




Montage Builders — Northern Forest strives to be part of the movement
that brings energy efficient homes to mainstream America. Affordability,
comfort, health, indoor environmental quality, and aesthetics are essential
for the success of this mission. The Montage was designed with great
consideration to an occupant’s comfort and needs. In conjunction with
radiant floor distribution, through the wall HRV units will be used to
provide ventilation without introducing raw Upstate New York winter air.
This measure adds to the overall efficiency of the house and therefore its
financial viability; however, more importantly, it encapsulates a healthy
indoor environment.
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ARCHITECTURAL COALS

From an architectural standpoint, indoor environmental health is
supported by the use of all hard flooring, natural materials, low VOC
paints and adhesives, window placement and sizing for optimal natural
ventilation and natural lighting, an all LED lighting design that ensures
appropriate work surface illumination levels, detachment of the garage,
and the integration of universal design features that enable people with
varying physical abilities and elderly occupants as their needs change.
Furthermore, while maintaining the characteristics of an American
Craftsman style home, Net-Zero energy and water readiness, water
management, and passive solar were designed into The Montage.

Figures 6: Images of similar American Craftsman style homes in Syracuse

The American Craftsman style fits in with the pattern language of the
Strathmore neighborhood in Syracuse where our selected lot, 201 Hubbell
Ave, is located. Capitalizing on the lot’s elongated west facing orientation,
the house was designed for maximum solar exposure along the south side
of our gabled roof; solar exposure also influenced window placement and
shading.
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Figures 7: Artistic Renderings of The Montage; exterior, master bedroom and living room

Our architectural choices also inform the constructability of The Montage.
By utilizing readily available materials, a foundation that can be placed in a
single day, methods local builders are familiar with, and standard window
sizes, we have increased the probability of local builders taking advantage
of our design, especially with additional perks being simplified and
reduced-cost maintenance.

ENVIRONMENTAL COALS

According to the EPA, energy supply; commercial and residential buildings;
and waste and wastewater contribute a massive 37% of global carbon
emissions released into the environment.? To drastically limit fuel use

and emissions associated with typical homes, efficient use of materials

and resources have curtailed the overall environmental impact of The
Montage. We've applied advanced framing, a compact domestic hot water
distribution system, and a LEAN Construction Control Plan as material and
time saving components.

As mentioned earlier, we are building a house with the intention for it to
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last hundreds of years; however, we recognize that homes sometimes

get torn down prematurely. To address this and minimize waste we
planned for deconstruction. The Superior Wall Plus foundation, hardwood
floors, fasteners, lumber, and insulation can all be disassembled and

used again. Other materials like gypsum wall board are recyclable, too.

Yet and hopefully, the house benefits from our designed rehabilitation
considerations for a long time before the destruction process benefits ever
kick in.

With the city’s help, we've addressed Syracuse’s long-standing issues with
their combined sewer and storm water management system. Thanks to

a generous grant from the Save the Rain program (Appendix 1), we were
able to expand upon our original on-site storm water management plan,
protecting Onondaga Lake from further pollutants. At our site, storm
water runoff is first minimized with the use of permeable pavement on
the driveway. Remaining storm water is diverted to rain gardens and a
cistern. These gardens constitute a comprehensive local plant list to restore
ecosystem services by sequestrating carbon, evapotranspiring water and
creating a habitat for wildlife. Finally, a rain garden between the sidewalk
and the street will divert storm water from the road.

Like a recirculating range hood, the residues of and policies from the
inequitable National Housing Act of 1934 continue to disenfranchise
neighborhoods in Syracuse and keep people spread out in suburbia.

In opposition to this trend, we chose a lot from the Greater Syracuse
Land Bank to reinvest in dense communities and give back to

neglected neighborhoods. Hubbell Ave, on the edge of the Strathmore
neighborhood, is in a two block transition zone between a thriving
community and a struggling one. By selecting this location and moving
reinvestment and change toward a place in need, The Montage offers close
proximity (within half a mile) to a strong community as well as valuable
resources, such as Onondaga Park, Hiawatha Lake, and Most Holy Rosary
Parish. For a brief history of Syracuse and the Strathmore neighborhood
see Appendix 2.
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Figures 8: Strathmore Neighborhood: Roberts School, Art on Porches, Hiawatha Lake, and Park Run.?

We hope our project proves to be a catalyst for change with our eye for
biophilic beauty, financial stability, and social well-being: biophilic beauty
exemplified by garden space and green space for people; financial stability
maintained through energy monitoring and bill mitigation; and social
well-being provided by a house built to endure and handle super storms.
With these occupant characteristics, The Montage owners embark on a
synergistic relationship (a whole systems approach) with their livable
space. An approach and change welcomed by the Greater Strathmore
Neighborhood Association and our community advisor Father Fred of Most
Holy Rosary.

BUILDING SYSTEMS APPROACH

In the Builder’s Guide to Cold Climates, Joe Lstiburek writes, “a house

is a complex interrelated system of people, the building itself, and

the environment.” Montage Builders — Northern Forest recognizes

the importance of a building systems approach to construction,
understanding that each and every assembly along with their elements,
the element’s sub-systems, and the sub-system’s components are related.
Seemingly minute changes to a sub-system component (for example,
selecting different finishes) can severely affect the performance and
durability of the entire assembly; the functionality of other assemblies and
systems; and therefore the entire home.*

Designing building assemblies and systems in isolation from one another
is detrimental and naive. A strong understanding of building science
principles, management provisions, and an integrative designing process
are critical when we bring different trades and specialist together. Our
decisions and attention to detail have already proven useful—we hold

a non-binding contract (Appendix 3) for The Montage to be built, a
testament to our team-work, the Building America’s research, and the
DOE's guidance.
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HOUSE as
a SYSTEM

Figure 9: House as a System . >
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Advanced Framing' in The Montage

After researching, we employed the National Renewable Energy
Laboratory’s advanced framing for The Montage. Advanced framing,

also called Optimal Value Engineering (OVE), reduces lumber use,
minimizes wood waste, and maximizes structures’ thermal efficiencies
while maintaining a structure’s integrity and building code requirements.
Conveniently, advanced framing expedites construction because
everything is planned, drawn, and laid out in the design phase.

The Montage’s structural members are vertically aligned with the same
spacing for studs, floor I-joists, and roof trusses, known as a stack frame.
This style of framing provides better overall structural integrity since
gravity loads bear directly on members below and allow for the use of

a single top plate. Our framing also uses header hangers, allowing us to
eliminate jack studs and save wood. We're excited about using advanced
framing because it insists on 24 inch on center modular framing, which
allows for a reduced amount of material; it also reduced our cost of labor
and amount of generated waste. Less waste relinquishes our need to

cut down trees to manufacture construction materials, which reflects
positively on our human endeavor and our ecosystem’s health.

When crunching some numbers with The Montage, we were pleasantly
surprised by how many studs we could save. Using structural-rated wood
materials to their full approved capacities, optimizing our layout for
efficient material use with 2x6s 24" O.C. for the exterior walls and 2x4s
24" O.C. for the interior walls, omitting jack studs, eliminating double top
plates, using one stud to connect interior framing to exterior framing and
constructing two-stud corners saved us about one hundred and forty-six
8ft studs. An added bonus to this framing method is that it eliminates
structural materials where nonstructural materials are adequate, so we
didn’t have to put headers above openings in non-bearing walls, which
saved us five headers. Similar wood saving benefits continued with our
placement of our windows.

For our design we used Andersen A-series windows. Our windows were
sized and placed to fall in alignment with our stud structure, adhering to
advanced framing principles. With comfort of the occupants and need to
reduce their energy use in mind, windows were placed across from each
other where possible to promote natural ventilation, provide the most
daylight, and meet egress requirements. Similar to passive solar design,
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we oriented our house to supplement our frame design’s efficiencies. On
the second floor, window glazing is shaded with our roof overhangs. To
provide shading for the 1st floor, deciduous trees were carefully placed on
the site. Our seasonal considerations continued when planning for the
colder months.

The science behind advanced framing’s tighter envelope is encouraging
for Syracuse’s tough winter season. Using 24” O.C. 2x6 framing gave our
building a stronger R-value by having more space for insulation while
simultaneously reducing thermal bridging. To further reduce thermal
bridging, we added two layers of polyisocyanurate on the outside of

the sheathing in our design. As dictated by this approach, we used two
stud corners and gave them an additional nailer to provide a continuous
surface for attaching and sealing the drywall. Implementing this framing
method requires a few techniques, but they're intuitive, cost-effective, and
easy to adapt and replicate on any site, ensuring the use of our design for
further jobsites and more importantly, our occupants’ comfort and safety
by having a strong structured, weather resistant, energy efficient, resilient,
and durable home, which supplements our design team'’s touchstones.

' “Advanced Wall Framing Fact Sheet”” National Renewable Energy Laboratory.
2000. 2 March 2014. <http://www.nrel.gov/docs/fy010sti/26449.pdf>.
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Visitability is referred to as basic home access. Eleanor Smith defined it on
the website Concrete Change (www.concretechange.org) as “a movement
to change home construction practices so that virtually all new (single
family) homes, whether or not designated for residents who currently
have disabilities, offer a few specific features that make the home easier
for people who develop a mobility impairment to live in and visit” With the
guidance of Esther Greenhouse, Enabling Design Advisor, we incorporated
visitability into The Montage.

The basic but essential features that visitability promotes and requires are:
thirty-two inch clear openings throughout the entire first floor, at least one
zero step entry, and access to a half bath on the first floor (preferably a full).
We accomplished those and the location of our zero step entry is located
at the back entrance allowing direct access to the garage and yard. But

we went a step further by providing zero step access to the front porch as
well as allowing an occupant with impaired mobility the ability to enjoy all
of the features that a front porch offers, including a sense of community
and security. This also allows the occupant the option of adding a ramp to
the front porch if the occupant ever needed. Additional universal features
we've supplied within our design are electrical receptacles that are greater
than fifteen inches off of the finished floor and electrical switches that are
at a height of forty-four inches from the finished floor.

In addition to visitability features we have included features of what we'd
like to call “adaptability.’ These include an easy transition for the half bath
on the first floor to become a full bath by providing plumbing to the
location during initial construction and blocking in the walls for grab bars
as well. Also we have sized the away room for transition, providing a closet
which could allow an occupant the ability to reside/ live entirely on the
first floor.

We made our design visitable and adaptable for many reasons. One

major reason was the growing number of city ordinances mandating

the implementation of visitability in new construction. Additionally, by
having our design visitable, we potentially increase the marketing ability,
allowing a broader range of consumers to purchase the house. Visitability
design also makes a simpler circulation path throughout the house for
every individual with everyday activities. Finally, as Montage Builders, we
wanted to make a statement. We believe incorporating these principles is a
testament to a powerful value: acceptance; we take pride in a building that
exemplifies this value.
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With an unlimited budget, it is fairly simple to build an extremely
energy efficient house. Unfortunately, this is not the case for most
people. We based our budget for The Montage on the median

family income, $65,800, for our area, Syracuse, NY. This dictated the
maximum construction cost for our project to be $240,000. We quickly
realized that this is not as much money as it seems to be.

In order to meet this goal, we designed our home to our ideal standards
and then had to dial our plans back selectively in order to meet the
budgetary constraints. Selecting areas in which to cut costs is no simple
task when each element seems just as important as the next. Montage
Builders — Northern Forest utilized a weighted decision matrix in order
to help with the decision making process. By comparing a number of
different factors, just one of them being cost, we were able to effectively
make decisions that kept the budget in mind without sacrificing our
design values.

After the design was complete, we performed a quantity take off for all
aspects of the project. Through a collaborative effort, MB-NF utilized local
builders and suppliers to obtain material and labor quotes for all elements
of the project and then selected the best fit for our design.

Montage Builders — Northern Forest developed a LEAN Construction
Control Plan as another strategy to reduce costs. By implementing this
plan, it enables us to save money in material, labor, and rework. These
savings help to offset any added costs for high-efficiency systems and
additional measures taken to increase the overall performance of The
Montage.

Obtaining pricing for each individual element of The Montage proved to be
a challenging aspect of the project that we at Montage Builders — Northern
Forest overcame. Our industry and faculty advisors connected us with



honest, dependable contractors and suppliers who were willing to work
with us and donate their time in order to support us with our project. A
local builder, Harrington Homes, was a great help in providing realistic
numbers for labor and material costs.

FINANCIAL ANALYSIS

Additionally, the team utilized local resources like The 2014 Home and
Garden Show. This proved to be a valuable resource because it enabled us
to speak face-to-face with product suppliers and local contractors about
our specific needs for the project. We at Montage Builders — Northern
Forest like to practice “listen twice as much as you speak.”

Single Family Price and Cost Breakdowns
2011 National Results

Average Lot Size 20,614 SF Lot Size 10,494 SF

N
(o9}

Finished Area 1927 SF

Average Finished Area 2,311 SF
Share of Price

% Difference

S Difference

1. Sales Price Breakdown

Average Share of Price  The Montage

A. Finished Lot Cost (including financing costs) $67,551.00 21.7% $21,700.00 6.7% -15.0%  -$45,851.00
B. Total Construction Cost $184,125.00 59.3% $243,082.10 75.5% 16.2% $58,957.10
C. Financing Cost $6,669.00 2.1% $6,710.01 2.1% -0.1% $41.01
D. Overhead and General Expenses $16,306.00 5.2% $16,615.25 5.2% -0.1% $309.25
E. Marketing Cost $4,645.00 1.5% $1,597.62 0.5% -1.0% -$3,047.38
F. Sales Commission $10,174.00 3.3% $10,544.30 3.3% 0.0% $370.30
G. Profit $21,148.00 6.8% $21,727.64 6.7% -0.1% $579.64
Total Sales Price $310,618.00 100.0% $321,976.92 100.0% 0.0% $11,358.92
Cost/SF $134.41 $167.09 $32.68

Share of
Construction

Share of
Construction

1. Construction Cost Breakdown

Average Cost The Montage Cost

% Difference

$ Difference

Building Permit Fees $3,107.00 1.7% $3,205.25 1.3% -0.4% $98.25
Survey $0.00 0.0% $500.00 0.2% 0.2% $500.00
Impact Fee $2,850.00 1.5% $0.00 0.0% -1.5% -$2,850.00
Water and Sewer Inspection $2,952.00 1.6% $0.00 0.0% -1.6% -$2,952.00
Excavation, Foundation, and Backfill $17,034.00 9.2% $24,426.40 10.0% 0.9% $7,392.40
Steel $1,012.00 0.5% $96.88 0.0% -0.5% -$915.12
Framing, Sheathing, and Trusses $27,046.00 14.6% $24,371.27 10.0% -4.6% -$2,674.73
Windows $6,148.00 3.3% $11,147.61 4.6% 1.3% $4,999.61
Exterior Doors $2,150.00 1.2% $1,362.26 0.6% -0.6% -$787.74
Interior Doors and Hardware $2,883.00 1.6% $2,195.46 0.9% -0.7% -$687.54
Stairs $1,052.00 0.6% $5,273.00 2.2% 1.6% $4,221.00
Roofing $5,256.00 2.8% $9,690.30 4.0% 1.2% $4,434.30
Siding $8,739.00 4.7% $14,771.23 6.1% 1.4% $6,032.23
Gutters and Downspouts $870.00 0.5% $0.00 0.0% -0.5% -$870.00
Plumbing $10,990.00 5.9% $16,766.73 6.9% 1.0% $5,776.73
Electrical Wiring $8,034.00 4.3% $8,900.00 3.7% -0.7% $866.00
Lighting Fixtures $2,193.00 1.2% $2,172.39 0.9% -0.3% -$20.61
HVAC $8,760.00 4.7% $17,725.25 7.3% 2.6% $8,965.25
Insulation $3,399.00 1.8% $13,570.20 5.6% 3.7% $10,171.20
Drywall $8,125.00 4.4% $8,600.00 3.5% -0.8% $475.00
Painting $6,005.00 3.2% $9,000.00 3.7% 0.5% $2,995.00
Cabinets and Countertops $10,395.00 5.6% $8,568.00 3.5% -2.1% -$1,827.00
Appliances $3,619.00 2.0% $1,716.72 0.7% -1.2% -$1,902.28
Flooring $8,363.00 4.5% $9,730.50 4.0% -0.5% $1,367.50
Trim Material $3,736.00 2.0% $11,993.56 4.9% 2.9% $8,257.56
Landscaping $6,491.00 3.5% $489.59 0.2% -3.3% -$6,001.41
Wood Deck $1,918.00 1.0% $3,707.00 1.5% 0.5% $1,789.00
Driveway $2,729.00 1.5% $0.00 0.0% -1.5% -$2,729.00
Solar PV $0.00 0.0% $22,100.00 9.1% 9.1% $22,100.00
Rating Fees $0.00 0.0% $1,150.00 0.5% 0.5% $1,150.00
Contingency $0.00 0.0% $7,000.00 2.9% 2.9% $7,000.00
Other $19,487.00 10.5% $2,852.50 1.2% -9.3% -$16,634.50
Total $185,343.00 100.0% $243,082.10 100.0% $57,739.10
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Figure 1: 2011 NAHB vs. The Montage



NAHB

B A, Finished Lot Cost
(including financing costs)

H B. Total Construction Cost

B C. Financing Cost

B D. Overhead and General

Expenses
B E. Marketing Cost

I F. Sales Commission

7 G. Profit

The Montage

B A. Finished Lot Cost
(including financing costs)
B B. Total Construction Cost

M C. Financing Cost

B D. Overhead and General
Expenses

H E. Marketing Cost

H F. Sales Commission

= G. Profit

Figure 2: Sales Price Breakdown
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The financial analysis has been based on the total construction cost
and related soft costs for the construction and sale of The Montage.
These costs include but are not limited to: financing costs, overhead,
profit, marketing costs, applicable taxes, applicable incentives, rebates
and appropriate inflation rates.

We have outlined two options for the homeowner: a Net-Zero ready
home with the ability to add a photovoltaic system (PV system) and

a Net-Zero home with PV installed. Utility cost savings through a 30
year period, return on investment, net present value of the home, and
simple payback periods for the PV system have been provided for the
client, both in graphic and numeric form.

The Montage has been designed to achieve LEED-H Platinum
certification; this certification presents unique incentives applicable
in Syracuse, NY. The structure of the mortgage is presented in order
to better understand the feasibility of building and selling/owning
this home with current interest rates. Vice President Nathan Walker
from Solvay Bank located at 1537 Milton Ave, Solvay, NY 13209 has
validated our assertions.



FINANCIAL ANALYSIS
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MORTGAGE LAYOUT WITHOUT PV

The mortgage layout for the home has been analyzed with a uniquely
created amortization table. The table analyzes the payments for a total

of 360 months (30 Year- fixed rate), presenting to a client payment dates,
current rates of interest, payment, interest portion, principle portion, and
the principle balance to evaluate the investment throughout its payment
period. A down payment of 20% of the median family income has been
included in the analysis. The rate of tax increase is capped at 2.0 % in NYS.

First Payment Date 01-Jan-15
Principal Amount 282,761.01
Term in Months 360
Beginning Interest Rate 4.50%
Payment $1,432.71

Financial Projections for Net-Zero Ready Home

LOAN AMORTIZATION CALCULATOR

Assumptions:
First Payment Date 01-Jan-15
r
Principal Amount: — 282,761.01
Term in months: — 360
Beginning Interest Rate: — 4.50%
Payment; " $1.432.71

Amaortization Table:

Payment Payment Current Interest Principal Principal

Mumber Date Rate Payrment Portion Portion Balance
1 01-Jan-15 4.50% $1432.71 $1,060.35 $372.35 $282,388.66
2 01-Fehb-13 4.50% 1432.71 1055.96 373.75 282,014.91
3 01-Mar-15 4.50% 1432.71 1057.56 375.18 281,639.76
4 01-Apr-15 4.50% 1432.71 1086.15 376.56 281,265.20
3 01-May-13 4.50% 1432.71 1054 .74 377.97 2580,885.22
6 01-Jun-13 4.50% 1432.71 1053.32 379.39 280,505.84

Figure 1: Montage Builders: Loan Amortization Calculator Net-Zero ready Layout




Value of Home

Down Payment (20% of MFI)

FINANCIAL ANALYSIS

First Payment Date

U
iy

2014 City and School Taxes Syracuse
2014 County Tax Syracuse

2014 County Water Tax Syracuse
Utility Cost without PV Year 1

Mortgage Insurance Year 1

The financial parameters used for the cash outflow layout analysis:

= $ 295,921

$ 13,160 (Median Family Income
of Syracuse: $ 65,800)

= January 1st 2015
= $ 7,571 inflated @ 2% for 30 Years

= $ 3,410 inflated @ 2% for 30 Years

= $ 12 inflated @ 2% for 30 Years

= $1,273 inflated @ 6% for 30 Years

= $ 1,645 2.5% of MFl inflated @

2% for 30 Years
The complete cash outflow layout diagram:
30 years — >

Montage Builders Financial Analysis Year 1 2
Total Yalue of Home/Total Yalue of Home with DSIRE exemption 295,921 285,772

Down payment (13,160)

Principal (282,761) (4,562) (4,771)
Interest (233,014) {12,631) {12,421)
Tax benefit of interest % 3,726 3,664
2014 City and School Taxes (7,571) (7,723)
LEED Tax SYR excemption 7571 7 7,723
County Tax (3,410.0) (3,478)
County Water Tax (12) (12)
Tax benefit of RE Taxes 1,006 1,026
Utility costs 6.0% (1,273) (1,349)
Mortage Insurance 00% $ (1,645.00) (1,645)
Home Owner Insurance Insurance 25% § (427.00) (438)
Cash Outflow After Taxes $ (13,160.00) $ (19,22755) $ (19,424 75)
Cash Outflow Before Taxes NPY 8% (266,667) (23,95962) § (24,11512)
Mortage Payment 515,775 17,19250 1719250
Remaining Payments $ 84383689 ¢ 824,41214
One time Cash Payment Incentive 5,582.00

Monthly Household debt (329.00) (337)
Affordable Cash Outflow 389% of MFI 25,004 .00 25,629
Dollars below afforable Cost Savings 629738 ¢ 117676

Figure 2: Montage Builders Financial Analysis



The energy costs for the United States have experienced an escalation rate of
about 7% within the last 10 years and 5% within the last 20 years; however,
the escalation rate forecasts an escalation of about 15.07% for the next year
with a Historical Data Test Forecast Accuracy of 12.62%' . Therefore a nominal
and probable rate of 3.5 % above inflation has been applied for energy cost
escalation within this investigation. View Figure 4 to see mortgage payments
with a PV system.

FINANCIAL ANALYSIS
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The payment elements for a mortgage without a PV system:

Total Yearly Payment o= a0 Average Payment for 30 years

Total Monthly Payment vEcrn N Based on average total yearly Payment

l |

Total of 350 Payments

| l

Total Cash Outflow

e~ PP - P - P

Total Interest Paid 233,004.05 7,767.14
Total City and School Taxes Paid  § 208,37112 § 694570 § 57881
Total Utility Cost $ 100,64107 § 3,35470 § 27956
Total Insurance Cost $ 18,74645 § 62488 § 5207,

Figure 3: Payment Elements for a Mortgage without PV

The cost of the total interest paid at 4.5%, total city and school taxes, and
insurance costs have been broken down into three different time elements

to better understand the costs that are associated with this house over time.
This home has an average utilities price the first year of $106.08 per month,
according to our Remrate analysis for Syracuse with 6803 heating degree days.?
This is an affordable amount for a home owner with a median family income of
$65,800. In addition the first year monthly mortgage payment is approximately
$1,432.
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U
[S¥)

MORTGAGE LAYOUT WITH PV

The same amortization table explained and referred in Figure 2 has been
used to evaluate the mortgage layout for a home with the inclusion of a
photovoltaic system at the additional cost of $22,100 (before incentives).
This option was found to produce 9 year simple payback, so we have
provided comparisons illustrating the cash outflow and mortgage layouts to
better understand the possible advantages and financial constraints of the
two alternatives.

First Payment Date 01-Jan-15
Principal Amount 308, 816.91
Term in Months 360
Beginning Interest Rate 4.50%
Payment $1,564.73

Financial Projections for Net-Zero Ready Home

LOAN AMORTIZATION CALCULATOR

Assumptions:
First Payment Date 01-Jan-15
r
Principal Amount: ---» 308,816.91
Term in months: - 360
Beginning Interest Rate: —> 4.50%
Payment: —>"  $1564.73

Amortization Table:

Payment  Payment Current Interest Principal Principal

Nurmber Date Rate Payment Portion Portion Balance
1 01-Jan-15 4.50% $156473 $1,158.06 $406.67 $308410.25
2 01-Feb-15 4.50% 1564 .73 1156.54 408.19  308,002.06
3 01-Mar-15 4.50% 1564.73 11525.01 408.72  307,892.33
4 01-Apr-15 4.50% 1564 .73 1158347 411.26  307,181.07
5 01-May-15 4.50% 1564 .73 1151.93 41280 306,768.27
6 01-Jun-15 4.50% 1564 .73 1150.38 41435  306,353.83

Figure 4: Montage Builders: Loan Amortization Calculator Net-Zero Layout




Value of Home

FINANCIAL ANALYSIS

First Payment Date

(9]
EN

Down Payment (20% of MFI)

2014 City and School Taxes Syracuse =

2014 County Tax Syracuse

2014 County Water Tax Syracuse =

Utility Cost without PV Year 1

Home owner Insurance Year 1

Montage Builders Financial Analysis

Total Yalue of Home/Total Yalue of Home with DSIRE exem ption
Down payment

Principal

Interest

Tax benefit of interest

2014 City and School Taxes

LEED Tax SYR excemption

County Tax

County Water Tax

Tax benefit of RE Taxes

Utility costs (Economy+Energy)
Mortage Insurance
Home Owner Insurance
Cash Outflow After Taxes
Cash Outflow Before Taxes NPY
Mortage Payment
Remaining Payments
One e ash poyment fincpreivg)
Monthly Household debt
Affordable Cash Outflow 38% of MFI
I Dollars below afforable Cost Savings

Year

321,976.91 |
(13,160)
{308,817)
(254,486)
30%

2.0%

2.0%

B R T R e

6.0%
0.0%

$  (13,160.00)
{328,608)
563,303

[N

mmlv)wmmwwmm

2 5%
) 5%

z

The financial parameters used for the cash outflow layout analysis:

$321,976.91

$ 13,160 (Median Family Income
of Syracuse: $ 65,800)

January 1st 2015

$ 7,676 inflated @ 2% for 30 Years
$ 3,457 inflated @ 2% for 30 Years
$ 12.28 inflated @ 2% for 30

$30 inflated @ 6% for 30 Years (Service
Charges after)

$427.28 2.5% of MFl inflated @
2% for 30 Years

1 2 3
289,728

{4,981 .92) {5,211) {S,450)
{13,794 84) {13,566) {13,327)
4,069.48 4,002 3,931
{7,676.02) {7,830) {7,986)
7e7602 7 7830 7 7,986 '
{3,457 21) {3,526) {3,597)
{12.28) {13) {13)
1,01888 § 1,04027 § 1,061.05
{30.00) (32) (34)
{1,645.00) {1,645) {1,645)
{427 28) {438) {449)

(19,259.18) §
(24,348.53) §

(19,38817) § (19,52161)
(24,430.40) § (24514.04)

18,776.76 18,776.76 18,776.76
801,517.16 § 782,12899 § 762,607.38
15,4582 .00
-_— e el . L R e iy e i |
{329.00) (337 {346)
25,004 .00 25,629 26,270
5 86147 § 141013
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Figure 5: Montage Builders: Home Ownership Affordability Analysis & Study

A cost comparison between the Home Ownership affordability cost and the actual
predicted costs before taxes, while taking into consideration the monthly household
debt for this home have been evaluated and included within this study. Therefore the
actual dollar savings may be significantly greater when considering the tax benefits

that are applicable
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Finished Lot Cost
Total Construction Cost

Financing Cost

Overhead and General Expenses

Marketing Cost

Sales Commisssion

Profit

Without Incentives
Incentive Amount
With Incentives

The cost of the total interest paid at 4.5%, total city and school taxes, and
insurance costs have been broken down into three different time elements
in this home. This home has an average utilities price of only $6.59 per
month, and lower monthly mortgage payments than the home without PV.

SOFT COST ANALYSIS

The soft cost for this project has been based on the percentage breakdowns
as per information from the National Home Builders’*Single Family Price

and Cost Breakdown 2011 National Results” The percentages have been
retrieved and customized to suit and cater to the requirements of The
Montage. The lot cost is based on actual Syracuse Land Bank values as
explained in the introduction.

6.7%
75.5%
2.1%
5.2%
0.5%
3.3%
6.8%
100%

B2 Vo e Vo S Vo S Vo SR Vo S Vo

21,700.00
243,082.10
6,710.01
16,615.25
1,597.62
10,544.30
21,727.64
321,976.91

$ 21,700.00
$220,982.10
S 6,245.91
$ 15,466.05
S 1,487.12
$ 9,815.00
$ 20,224.84
$295,921.01

6000 Connection fees

Figure 6: The Breakdown

$ 22,100.00 | $
$ 9,900.00| S
$ 12,200.00 | $

10,149.00 | $ 32,249.00
4,149.00 | $ 14,049.00
6,000.00 | $ 18,200.00

Figure 7: The Renewable on-site Energy sources Price Breakdown

Utility Cost

Utlitieswith PV
Utility Cost for Solar DHW

Utlities with PV and Solar DHW

1,257.00
110.00
1,147.00

30.00

Figure 8: The energy consumption breakdown as per data From (Remrate)




CHALLENGE PARAMETERS VS.
SCHEDULED VALUES

The maximum allowable home ownership affordability as per parameters
presented by the challenge was 38% of the median family income (MFI),
which includes the principle, interest, property taxes, home insurances, and
utilities. Within the analysis done for this home the total cash outflow that
was predicted for the home with the PV system has been compared to the
allowable home ownership value. Thus, potential savings of the Net- Zero
home for the first year is calculated to be $14,375.47 with the DSIRE one time
incentive for solar thermal DHW and PV systems. Cost savings for the second
year are $861.47 with utility costs and savings escalating as indicated earlier.

FINANCIAL ANALYSIS
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Montage Builders Financial Analysis 1 2
Total Value of Home,/Total Value of Home with DSIRE exem ption 285,772 R
T Tash Outflow After Taxes 1 $ {13160.00) § {19,22755) § {19,424 75)
I Cash Outflow Before Taxes NPV | 8% (266,667) § {2395962) § (24,11512)
| Monthly Household debt | | 25% § (329.00) (337) e
| Affordable Cash Outfiow 36% of MFI | I 25% § o BOTIDO o 55629
Dollars below afforable Cost Savings $ § 486838 9 1,176.76
I i R
| R e ——
Figure 9: Net-Zero Ready Home 28 29 30
$(39,050.23) $(39,92302) $(40,833.48)
$1(45,366.88) $146,14718) $ (46,957 93)
(641) 657) (673) <
48,703 45520 P 517168 ~
$ 269508 $ 311633 ¢ 353717 )
-_—agy = ’
Montage Builders Financial Analysis Year 1 2
Tﬁalxalgof_ﬂogelﬁnal_ Value of Home w witLDS_lﬂf exemption 321,976.91 I 289,728 —
Cash Outfiow After Taxes 1 $ {13,16000) $ {19,25918) § {19,388.17)
Cash Outflow Before Taxes I $ {24,34853) $ (24,430 40)
I Monthly Househol d debt I 25% $ {329.00) (337)  —
| Affordable Cash Outflow 38% of MFI | 25% $ 29,000 00 o, 25629
| Dollars below afforable Cost Savings 1 — 9 86147

Figure 10: Net-Zero Home

28 29 30

<
$ (3561244) § (3616518) $ (36,73531)
$ (42,40711) § {42,85677) § (4331587)
(641) {657) {673)

48,703 49,920 51,168 <
$ S65485 § 640675 § 717924
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Within this study the applicable monthly household debt allocated at 0.5%
of MFI was added to the total cash outflow and deducted from the affordable
cash outflow while being inflated equally at 2.5 % in order to provide
uniformity and to create realistic figures that reflect the economical inflations
that should be applied when performing calculations over an allocated time
period.

CASH OUTFLOW COMPARISON

Cash Outflow

n ) » ” » )
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This section shows significant cost

MWithout PV

mortgage.

Figure 11: Cash Outflow Comparison Chart

Figure 11 illustrates the comparison between the total cash outflows of the
two choices available to a potential home buyer. Year zero includes the down
payment scheduled for the purchase of the home that is equal due to it being
based on the MFI.

While keeping in mind that the value of the home with PV is $22,100 greater
than its counterpart, the utility cost savings have created tremendous savings
causing the total cash outflow of the home (over 30 years) with PV less than
the home without PV. In addition it is visible that with time the cost savings
increase.

EWith PV savings between the years with a steep
increase in gradient that later settles

to approximate constant savings in the
following years towards the end of the



MORTCAGE SETTLEMENT LAYOUT

The chart below illustrates the mortgage settlement layout showing a
potential home buyer the rate at which the settlements will be made, thus
providing a coherent understanding of the ability to settle the payment with
the given parameters while highlighting the practicality of owning the home
under the given values. In addition, this allows the owner to critically identify

FINANCIAL ANALYSIS

58 a year or range of years and understand the remaining payments that will be
outstanding within that particular time frame. A home owner may be looking
to retire or may have a child attending college, so this layout enables the
client to evaluate the mortgage that will remain for this home at the time in
order to make a proficient well informed decision.
Cash Outflow
$
§(5,00000
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1500000
E 420,000 00
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§(10,000 00}
08,000 004
40,000 00y
M_ h 1 1 ) 4 5 1] 1 L] 9 10 n n n " 1 " ” " 19 n n n n n % » n " n
"W Si16000 ?’)IWII SO S50 19669 H1980 % Y9048 H010359  SPO2RMS  SROANM  SROSIM  S0TNI  SRAMEY  SMSISIS  SR6SINSE ORGSRV SPOSHAN  SDOSN0  SOLMSSE  SOLIEIAE  S200NE S(RAMT1  SIN0061  SOLSBASE  SMOMOY  SASMES  S[S0SE  SOSELA §%16518
‘WIMP‘_MLW 1920755 SUOANTS (1963060  S(19M55  SROOMOY  SOOIOASE  S0SN56  SPOSISES SOMIS SIS SRLG00  SANA  SPSEVIE  SRIIMS1  S0001S  $096337 SN0  SROMM  SA051 SN SIIEMAS SIS SOS20006  SISW059  S666003 AN SPNA 9002 §nasn

EWith PV
sWithout PV

Figure 12: Mortgage Settlement Layout Chart

APPLICABLE TAXES AND RELATED EXEMPTIONS

The following taxes applicable to Syracuse have been considered:

1 County Tax

2. City tax

3. School Tax

4 County Water Tax.

The rates used were retrieved fromOn.Gov.net.?



i 2014 County| 2014  |2014 School| 2014 County i
o Rate City Rate Rate Water Total Gty Rate
City of Syracuse 11.9326 9.1384| 17.3555 0.0424 38.4689

FINANCIAL ANALYSIS
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Figure 13: City of Syracuse Taxes

The tax calculation has been done by multiplying the value of the asset (the

value of the home) by the tax rate and dividing it by a 1000. In addition, the
taxes have been inflated at a uniform level of 2% over the 30 year period to

reflect state law.

Montage Builders Financial Analysis

Total Yalue of Home,/Total Yalue of Home with DSIRE exem ption
Down payment

Principal

Interest

Tax benefit of interest

2014 City and School Taxes

LEED Tax SYR excemption

County Tax

County Water Tax

Tax benefit of RE Taxes

Year 1 30
295,921 | 285,772
{13,160)
(282,761) (4,562) (16,781)
(233,014) {12.631) {412)
3726 121

(7,571)

7571 -
2.0% (3,410.0) (6,319)
2 0% {12}

1,006 6,003

Figure 14: Inflation with and without PV

Figure 14 illustrates the inflation that has occurred within the home without
PV and with PV from Year 1 of purchase to Year 30 at settlement. The
differences are often significant and both choices have no exemptions as per
incentives and rebates currently available.

In addition an incentive for New York State defined as “Local Option - Solar,
Wind & Biomass Energy Systems Exemption” has been used. This incentive
exempts the home owner from the asset value appraisal that will occur

when both the Solar Thermal DHW system and the PV system are installed.
The installation of renewables raises the asset’s value by a total of $32,249.
Therefore the property tax for this value will be exempted at 100% for the first
fifteen years. The incentive is available to be reviewed on DSIRE.#

-k |
(14,030)
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LEED TAX EXEMPTION

Taking into consideration that the structure is designed to achieve LEED
Platinum regardless of the inclusion of the PV system, the following
exemptions available to homes in Syracuse will be applicable to this home.

15

(8,555)
(8,638)
2548

—-—— ] — g

{9,990)
1

(16)

60 What does LEED-certified mean? CITY/SCHOOL TAX EXEMPTION SCHEDULE
LEED refers to the Leadership in Energy and Environmental FOR LEED-CERTIFIED HOUSES
Design Building Rating System published by the United States YEARS SIVER  GOLD PLATINUM
Green Building Council. New one- and two-family residences 1-8 100% 100% 100%
certified by a LEED-accredited professional El 80% 100% 100%
will receive additional years of exemption. 10 60% 80% 100%
11 40% 60% 100%
12 20% 40% 75%
13 - 20% 50%
14 - - 256%
What taxes are reduced by the exemption?
City and School taxes due to the value added by the construction. County taxes are not reduced by it.
Figure 15: LEED Tax Exemptions
Given this exemption the necessary adjustments have been made to both
choices in order to produce stringently accurate results.
Montage Builders Financial Analysis Year 1 11 12 13 14
Total Value of Home,/Total Value of Home with DSIRE exem ption 295,921 285,772
Down payment (13,160)
Principal (282,761) (4,562) (7,148) {7,476) (7,820) (8,179)
Interest {233,014) {12,631) {10,045) {9,716) {9,373) {9,013)
Tax benefit of interest 30% 3726 2963 2,866 2,765 2,659
r------ﬁ---h- - e o e . ..
2014 City and School Taxes 2.0% (7,571) (9,229) (9,414) (9,602) (9,794)
LEED Tax SYR excermption > | 751 [ 9220 " 7,060 " 4000 " 2,449
County Tax bl 10 i €1 1 Bl 1 7 il 2 Ml 75 i 11 oDl C 7T M
County Water Tax 2.0% (12) (15) (15) (15) (16)
Tax benefit of RE Taxes 1,006 1,226 1,945 2,692 3,468

Figure 16: LEED Exemption Included

The city and school taxes have been 100% exempted from the payment cash
flow for the first eleven years, whereas the exemption gradually decreases
from 75% in the 12th year to 25% in the 14th Year. No exemptions are thereby
applied to the 15th year and all taxes are applicable.

4,274



INFLATION RATES
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1,349
1,334

zn
1093.68

213
1131.02

226
1,168.37

1,337
1430
1526

216
¥ 112102

23
$1,138.38

247
$1,273.36

UTILITIES COST SAVING BEHAVIOR REFLECTING VARIOUS

The investment and its return may vary depending on the different inflation
rates that can be associated with cost savings. Given the energy inflation
rates associated to the prices, the cost savings have been calculated under
three scenarios to outline the baseline cost savings and compare the figures

1.371
1516
1.671

2ze
$1,1459.04

245
$1,270.81

270
$1,400.90

61
to probable inflation rates. In order to cater to this requirement, cost savings
made in energy with the inclusion of a PV system have been compared to
the cost of energy at the absence of a PV system at the various inflation rates
shown in Figure 17.
Montage Builders Financial Analysis | Year 1
Utility Payback period analysis
Inflation %
Cost of PV S
Lhility Cost \Without PY 257 % 1.273.00
6.0 $ 1,273.00
5% % 1.273.00
Utility Cost With PV 04 energy inflation + 2.5% Economy Inflation 257 % 206.00
Cost Savings $ 1,067.00
Total Energy Cost Savings $ 46.844.18
Payback Period N Years ¢ 13,319.86
ROI 1237 20Year Period
284> 30%earPeriod
Uility Cost With PV 3.5% energuinflation + 2.5 Economy Inflation 604 $ 206.00
Cost Savings kS 1,067.00
Total Energy Cost Savings $ 84.355.08
Payback Period 9 Years $ 12,26123
ROI 222, 20%ear Period
5314 30YearPeriod
Lhility Cost With PV 724 energy inflation + 2.5 Economy Inflation 95%Z ¢ 206.00
Cost Savings $ 1,067.00
Total Energy Cost Savings $ 159.716.56

Payback Period 8.5 Years $ 1196262
ROI 373% 20%earPeriod
1209 30Year Period

Figure 17: Utility Payback Period Analysis

The Energy Costs for the United States has experienced an inflation rate of about
7% within the last 10 years and 5% within the last 20 years. However the inflation
rate forecasts an inflation of about 15.07% for the next year with a Historical Data
Test Forecast Accuracy of 12.62%?3 . Therefore a nominal and probable rate of 3.5

% has been applied for energy inflation within this investigation.

1.405
1,607
1.830

z2zv
$ 117777

260
$1,347.06

236
$1533.98



While the differences in the payback periods may not be significant, this

is mainly due to the limiation of the investment and its size. As shown

in the below Figure 18, if a larger investment was to be made, there are
potentially larger savings towards the latter margin of the 30 year period

and therefore would have provided much better impactive payback periods
when comparing the three scenarios; however and regardless, while inflation
will undoubedtly occur, the choice of comparing the savings with no
inflation demonstrates a baseline savings of above $45,000 with no inflation

FINANCIAL ANALYSIS

62 considered whatsoever. Therefore when syrcronizing the actual behaviour of
money through the two inflation rates, signifcant savings are reached which
allows the reader or potential home owner to predict cost savings between
$80,000 and $160,000 considering the adjusment factor of the Historical Data
Test Forecast Accuracy lacking stringent accuracy within its predictions.
Inflated Energy Cost Savings Comparission
g $8,00000
§ $6,000.00 /

-— e oy

1 2 ) . s 6 7 0 9 0 1 2 n " 15 * 17 " 19 n n n n * Y " » 0
—) s\n-unnummuq\..-\q‘xm.lw SLOOYGE S112000 | $1,04900 SLATZTT $120721 $123739 $126833 SLI0004 S1IN54 SLIGSHS $1A0000 S1A3S00 SLATDAT SLYOTGA SLUASIE SLKLOT SLAILST SLAGAI6 SLIUSTE SLMKAD SLIWII SLEMS SLERSE SLN1 SLOMI6 SL00761 S20M10 $21%026 518052
s tlated Energy Cost Savings B $1,067.00 $103100 SLIMAN $120081 $1I4706 14789 $1510.5 SLEOVT S1LI0064 SIB016T SLOI0KY SLONSAS S2AZ01 SLITSEN S2AL8 285713 S710%6 S8

SASMAL SARMI9 SSISAL SSASAYT $S7LA2
—a\\munmummmm.-‘]sm,/m SLIGKIT $1.27936 | $140090 | $LSILO8 167971 $1EI29 $200000 $200535 S2AMSE S26M27 SIMUSAT SHAMSA SIATLTS SLAOLS6 SAIRLTI SASHIT SAMI9 $346506 SIS SLATSGA SIASII) SKEOLTS SRANLIA $103161 $112961 S120691 $115444 SMAILL
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Figure 18: Inflated Energy Cost Savings Comparison

7. 5% Inflated Cost Savings

% |nflated Cost Savings
s 9,5% Inflated Cost Savings
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PV Simple Payback Period Comparison

12

®u Number of Years

Number of Years

&

2.5%

9.5%
Inflation %

Figure 19: PV Simple Payback Period Comparison Chart

As explained above, Figure 19 shows an owner the payback periods on the
investment that is to be made on the PV system. While the three inflation rates
bring about 2 years of reductions in between them, additional costs such as
maintenance if at all has not been included. However given that PV systems
have potential in being low maintenance sources, the integrity of these
calculations remain approximate.

Total Cost Savings Comparison
$180,000.00
$159,716.56
$160,000.00
$140,000.00
$120,000.00
—
"
S—
]
@ 510000000
5 $84,355.08
b $80,000.00
ﬁ 000 W Cost Saved
o
o
$60,000.00
$46,844.18
$40,000.00
$20,000.00
S
2.5% 6.0% 9.5%
w Cost Saved $46,844.18 $84,355.08 $159,716.56
Inflation %

Figure 20: Total Cost Savings Comparison Chart

This diagram shows the significant differences in the cost savings when
comparing the three scenarios. While there is a baseline of over $40,000 without
recognizing inflation, nominal increases of inflation create even larger savings.



As per Figure 21 the first time incentive stated provides a potential home
owner of the Net-Zero home savings of up to approximately $14,375.47. Even
though cost savings experience a negative within years 15 to 19, this deficit

is due to the end of the LEED exemptions, a total of $5,100, as described in
Figure 18. Nonetheless, the opportunity created upfront provides a funding
volume that will cater to this nominal deficit experienced in the negative flow
years; however, the net cost savings for this period created will be $10,500,
which was calculated by deducting the total cost deficit from the upfront cost
savings created by the investment.

FINANCIAL ANALYSIS
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Costcomparison. to Home Ownership Affordability Criteria

$12,00000

Figure 21: Cost Comparison to Home Ownership Affordability Criteria
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STRENGTHS

e Significant Cost Savings through Ultilities

e Market Adaptability (Regionally
Appropriate)

* Net Zero Energy

¢ | ucrative Payback Periods

e Tax Exemptions in place for high

performance

e Sound Financial Investment with Minimal
Risk

¢ Bank loan Friendly

FINANCIAL SWOT ANALYSIS

WEAKNESS

¢ Real Estate Appraisal

e Lack of Recognition of High Performance
Homes related to first costs

e Durability measures are not fully recognized by
the Insurance industry

OPPORTUNITIES

e Higher Market Resale Value

e Sustainable Long Life Span

e Future oriented LEED or Energy Friendly
Exemptions / incentives

e Additional Tax Benefits

® Income alternative (Energy to Grid)

THREATS

e Financial Overuns
¢ Financial Incentives tied to green rating
programs may sunset in the near future

Figure 22: Overall Review and Analysis
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Figure 22 depicts the financial opportunities and constraints that will be
experienced by a potential home owner of The Montage. In comparison to
the increasing median family incomes experienced in developing cities,
Syracuse remains at a comparatively low MFI of $65,800; however, we met the
challenge of providing the average home owner of Syracuse with a Net-Zero
home at a 7% energy inflation rate with the specified PITIU of 38% of the MFI
identified as the Home Ownership Affordability Cost value.

According to Green Home Builders and Remodelers Study at the National
Association of Home Builders (NAHB), Green homes are to grow between
29% and 38% of the market by 2016. The same study done by NAHB in
conjunction with McGraw Hill states that 46% of builders and remodelers

find that “building green” makes it easier to market themselves in a down
economy. Currently, an overwhelming 71% of firms are dedicated to green
home building. Given this information, this home will additionally have a
higher resale value than an average home of the similar area footage and be a
marketable asset to its potential owner.

The data furnished from the analysis confirms that a Net-Zero home has
much greater financial opportunity with significant cost savings that can be
achieved with the inclusion of the PV system. In addition while the choice
may be more favorable when reviewed by financial institutions, its cash
outflow values are lower than the values expected of a Net-Zero ready home.
The Montage PV return on Investment is 1209% over 30 years at 7% energy
inflation. The installation of the PV system is recommended by the team as

a financially viable investment for a potential home owner in Syracuse with
incomes similar to rates discussed.

' “USA Energy Inflation Forecast. Forecastchart.com. 12 March 2014. Web.
<http://www.forecast-chart.com/inflation-usa-energy.html>.

> “Annual Prices: Residential Energy 1997-2011” NYSERDA. 26 Feb. 2014.
Web.

* “County/Town Tax Rates” On.Gov.net. 2 March 2014. Web. <http://www.
ongov.net/rpts/countyTownTaxRates.html>.

4 “Local Option - Solar, Wind and Biomass Energy Systems Exemption.”
DSIRE. 2 March 2014. Web. <http://www.dsireusa.org/>.

5 “USA Energy Inflation Forecast.” Forecast Chart. 13 Mar. 2014. Web. <http://
www.forecast-chart.com/inflation-usa-energy.htm)>.
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ENVELOPE DURABILITY

Durability is a key component to ensuring the longevity of buildings. It adds
lifetime value to The Montage and reduces operation and maintenance costs.
To guarantee that The Montage is a long-standing durable structure free of
any major issues that provides a quality and healthy living environment for
100 or more years requires an intricate understanding of the core principles of
building science supplemented with the use of proven research findings and
best practice solutions. It is also imperative that these principles can be easily
applied and replicated by everyday contractors.

Above Grade Walls

Weight: 149

13

14.7 15.2 13.9 138 10 153 1.4 1.7 14.1 13.7 139

Design
Attribute: Chal

Supply No/Low
Indoor Chain (local|Recycled Resilience/ |Environ-

Build- |Air Water |Visit- |Net- [Climate |vs non / Recycl- |Dur- Passive mental

abil Quality [MGMT Zero able abil S Tox

Because there’s only one chance to make it right, the building envelope is
arguably the most important piece to creating a durable, healthy, and energy
efficient home. This is why our team conducted research, worked closely with
local builders, and spent many hours discussing various strategies. We put
just about every wall system we could think of through our decision matrix
before arriving at our 2x6 wall covered with 4” of polyisocyanurate. What

we concluded with was a strong envelope that manages the environmental
challenges of our climate as well as occupant induced stressors, while keeping
it manageable for constructability purposes.
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Literature such as Dr. Joseph Lstiburek’s Builder’s Guide to Cold Climates'
was utilized and played an integral role in shaping our design details.

By understanding the science behind how our building acts, we can
effectively manage moisture movement as well as heat and air flow
throughout our home. Other key factors that drove our design for The
Montage included traditional ecological knowledge, common sense, and
past experiences with less durable buildings.

Relating to durability, an interesting aspect of this project was the overlap
between program requirements. By meeting ENERGY STAR requirements,
we found that it took little additional effort to meet the requirements of
LEED-H, ICC700, and the FORTIFIED standard. This demonstrates how we
benefited from Biomimicry’s concept of redundancy. The overlap between
programs ensured that The Montage was built to the highest standards and
no stone was left unturned.

DRAINAGE AND RADON

No on site backfill is specified in the design of The Montage in order to
ensure reduced hydraulic pressure and efficient drainage around
the perimeter of the house

All backfill and hard surfaces are sloped at a minimum 2" per foot away
from the home

Perimeter drains are located on the exterior of our foundation walls and
are specified to be located below the bottom of the basement
concrete slab

Interior drains are included in the design and are to be piped to a
strategically located sump pump. The sump will be piped to our
cistern which is located nearby with an overflow strategy that
directs excess water to an onsite infiltration area

The Montage is equipped with a passive radon mitigation system. The
The sump pump cover is specified to be mechanically fastened
and gasketed which will prevent radon gases from seeping into
the home
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FOUNDATION SYSTEM

Superior Walls promote LEAN construction processes that speed up
construction time and reduce labor costs

They support design for disassembly and deconstruction and are able to
be reused potentially in the future

Direct wood to concrete connections are separated by a sill sealer and/
or an EPDM membrane, as specified on the drawings, in order to
manage any moisture that could possibly wick up into our wall
system through capillary action

The characteristics of our wall system meet Sam Rashkin’s definition of a
“Super Insulation” wall system as defined in his paper, The Road to Carbon
Neutral: Energy Star for Homes and Beyond.” The Montage’s walls meet all
five of the criteria outlined in the paper and are listed below.

Zero-tolerance Installation

Air Tightness

Thermal Bridging

Complete air barrier

Provides 50% to 100% more R-value than minimum code requirements

Please reference “Design Goals” for detailed information about advanced
framing in The Montage.

INSULATION

Our insulation strategy was based off Dr. Joseph Lstiburek’s 10-20-40-60 rule.

Slab: R-20, 4" Rigid EPS beneath entire slab
Foundation: R-26, Superior Walls Xi Plus, 2" Exterior XPS 4’ below grade
Wall Assembly: R-45, 5 2" Blown Cellulose, 4" Rigid Polyisocyanurate
(2) 2" layers, staggered and sealed at each layer
Ceiling: R-60, 18”Blown Cellulose
All top plates that intersect attic plane air sealed
Insulation baffle spray foamed in place
SIPs Panel attic access hatch with weather-stripping and
mechanical latches
Rim and band joists:
Insulated with closed cell spray foam
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With the spray foam contractor on site, The Montage will be air sealed,
which will then be verified by a blower door test prior to the installation of
blown cellulose and drywall.

Construction is not to proceed until an acceptable infiltration number is achieved

The ENERGY STAR Version 3 Thermal Enclosure Checklist and Water
Management Checklist were followed when designing The Montage.

Thermal bridging through studs is virtually eliminated by applying 2
layers of rigid Polyisocyanurate over wall assembly

Raised heel energy trusses allow insulation to be installed to the full
required R-value at the eaves

Exterior polyisocyanurate extends to the underside of the roof deck and
doubles as an insulation baffle, which will prevent wind-washing
of the cellulose

AIR BARRIER

We used innovative new products such as DOW Liquid Armor in
conjunction with DOW Tuff-R rigid polyisocyanurate in order to form the
air barrier on The Montage. Rigid air barriers are more durable than other
strategies. By using DOW Liquid Armor, a fluid applied weather resistive
barrier, we eliminated the need to depend on tape for the lifetime of The
Montage. All rough openings will be treated with the liquid armor prior to
installation of windows and doors, and again after the element is installed.

To preview DOW Liquid armor:
https://www.youtube.com/watch?v=Z4vbNIxxzXg&feature=youtu.be

By stopping the air flow, we also stop the majority of moisture movement.
Careful attention was paid to where moisture would go if it did get into the
wall. Class lll interior paint with the appropriate perm rating was specified
to permit drying to the inside of the assembly.

_— e

. = 4x8 sheet of
s bowe T
gypsam board
Interior at TO% 2
and 40% RN with a 1 in2 hole
Interior at TO°F
L =y 11
11 IIr
of water

30 quarts
of water

Figure 2: Moisture Movement Comparison (Lstiburek, Joseph)
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SIDING AND RAIN SCREEN

The rainscreen detailing on The Montage includes 1x3 wood furring strips
with Cor-A-Vent and pest screens at the top and bottom of the assembly.
By furring out the siding, it will contribute to the lifetime of our LP
Smartside cladding. The airspace will allow the siding to dry efficiently and
as Alex Wilson mentioned in his most recent blog, Lessons from Our House
That Could Be Applied More Affordably >,

“We spent a little more installing strapping over the exterior sheathing
so that the siding will have an air space behind it, but the cost is low
enough and the durability benefits great enough that this should be

standard practice today. We will save thousands of dollars over the years
by having to paint the siding only every 15-20 years (I predict), instead
of as often as every five years, and a big part of the difference is the
rainscreen detail” (Wilson, Alex)

Our siding was ordered pre-primed to ensure coverage on all six surfaces.
Likewise, the cedar shingles to be used on gable ends are specified to be
primed on all six sides prior to installation. Additionally, all cut sides are to
be sealed before installation.

TRADITIONAL ECOLOGICAL KNOWLEDGE

By studying moisture management strategies on buildings from over 100
years ago (lower left), we learned to simply show the water where to go,
rather than believe we could completely block it out.

Figure 3: Hundred Plus year Figure 4: Example of its place
old barn behind the exterior cladding in this
assembly
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For windows located well below any overhangs, we sloped our plywood
nailers at a minimum %" per foot (above right), then integrated them into
our drainage plane assembly. This simple, timeless strategy is an effective
and dependable method for managing moisture in a critical location.

Simple rooflines fit the pattern language of the neighborhood that our
home was designed for; this is one of the reasons why complicated roof
lines were strictly avoided in our design. By using simple rooflines, we

also minimize critical wall to roof connections. We followed this approach
with the geometry of our walls also, to minimize waste. The most efficient
buildings, like The Montage, are those with simple geometry. Anywhere
that there was a wall to roof connection, the appropriate flashing details
were provided. Kick-out flashings are specified where necessary to comply
with the ENERGY STAR water management checklist.

Covered entryways were provided at all exterior doors in order to divert
any water or ice away from the entryway and prevent splash up. Properly
sized overhangs, according to the winter and summer sun angles, with
gutters are specified to manage runoff water from the roofline. The gutters
are diverted to a cistern and rain barrels, and any overflow is then piped to
infiltration basins located on site. This ensures that there will be efficient
drainage and no standing water on our site.

Zero carpet design, all hard surface flooring

Hardwood floors can be cleaned more efficiently and can last the lifetime
of The Montage, unlike carpet

Wood is a sustainable resource that grows where we live, The Northern
Forest, and can be refinished a few times throughout the life of The
Montage

This durability strategy is also recognized in LEED Homes rating system

INTEGRATIVE PEST MANAGEMENT

Although termites are not recognized as a major concern at this time in our
climate, we adapted our design in anticipation of them being here in the
very near future. A two foot gravel strip lines the perimeter of our house in
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order to deter the termites away from The Montage. We also incorporated
a termite shield at the top of the foundation as an added measure. These
measures also decrease or eliminate the need to use pesticides.

The two foot gravel strip also confirms that all mature landscaping will be
kept a minimum of 24” away from The Montage, as specified in LEED for
Homes. The last benefit of this gravel strip is that it will prevent rainwater
from splashing onto The Montage’s siding.



ENVELOPE DURABILITY

N

%" ZIP PANEL (TAPE SEAMS)
INSULATION BAFFLE

CLOSED CELL SPRAY FOAM INSULATION DAM

(2) 2" LAYERS OF POLYISO INSULATION
- SEEMS STAGGERED AND SEALED
WITH DOW LIQUID ARMOR

ENERGY STAR COMPLIANT SHINGLES

SELF-SEALING BITUMINOUS
MEMBRANE OR EQUAL -MIN. 2'
UP ROOF DECK FROM INT PLANE
OF EXT WALL (E* WM 3.4)

PEEL AND STICK STARTER STRIP

TOP OF WALL SECTION

RAISED HEEL ENERGY TRUSS
(MIN 127)

18" BLOWN CELLULOSE
INSULATION (R-60)

SIMPSON STONG TIE (H2.5T)
ATTACHED FROM THE OUTSIDE

. XMLR

METAL DRIP EDGE -

AIR BARRIER CONTROL JOINT PRE FABRICATED
2% 2 ANGLE TYP BOTH INT + EXT (E* TEC 5.2.2)

SOFFIT VENT (METAL SCREENED)
SOFFIT

"X 5 5" FASCIA
2x4 SUB-FASCIA
%4" FREEZE BOARD
"X 6" NAILER

%" X 1)4"FASCIA
2x NAILER
7
" AIR GAP
%4" COR-A-VENT

2x6 TOP PLATE

I BLOWN CELLULOSE INSULATION

il 1/2u GWB
TYPICAL HEADER - SIZED PER LOAD
- @22
= 24" RIGID FOAM INSULATION
SEALANT (E* TEC 5.2.4)

&)

J5" PLYWOOD / 0SB EXTENSION BOX
" GWB RETURN

Pramtadi

Y x 35" TRIM

J5" GWB RETURN
15" PLYWOOD/0SB EXTENSION BOX

SEALANT (E* TEC 5.2.4)

%" x 6" NAILER
L/P SMART LAP SIDING

%" x 3" FURRING STRIPS @
24" 0.C. (RAINSCREEN)

(2) 2" LAYERS OF POLYISO INSULATION
- SEEMS STAGGERED AND SEALED
WITH DOW LIQUID ARMOR

15" 0SB SHEATHING

BLOWN CELLULOSE INSULATION

15" GWB

N

| /D QMART | AD QININIR ——

/7




ENVELOPE DURABILITY

N
(9

/7

BOTTOM OF WALL SECTION

BLOWN CELLULOSE INSULATION
5" GWB

/P SMART LAP SIDING 2 x 6 BOTTOM PLATE - PROVIDE SEAL OR GASKET
BETWEEN BOTTOM PLATE AND SUB FLOOR,
TYPICAL AT EXT. WALLS BOTH FLOORS (E* TEC 5.2.1)
% 3" FURRING STRIPS @
24" 0.C. (RAINSCREEN) SEALANT
(2) 2 LAVERS OF POLYISO INSULATION CAPILLARY BREAK UNDER SUB FLOOR
- SEEMS STAGGERED AND SEALED SILL SEALER OR EDPM
WITH DOW LIQUID ARMOR SUPERIOR WALL XI PLUS (R-21)
J4" 0SB SHEATHING = / 212 NAILER INTEGRATED IN FOUNDATION
L] . [ 3
3 CORAVENT S WALL SYSTEM PER SUPERIOR WALL
! | O < /BASEMENTSTAIRLANDING
METAL WATER TABLE FLASHING HE| /
(TERMITE BARRIER) i @
J4* CEMENTITIOUS BOARD / HH e
(RATED FOR GROUND CONTACT) b
el
O | ]
BN
.
o,
mn A 4@ f
m B
HH bkl <
HaH AH
=l Il
‘ ‘ ‘ ‘ lQ\_/ NN Bl
@l
— R
S e
Hih [
\ SUPERIOR WALL XI PLUS (R-21) i I
CAULK JOINT
‘ 4" CONCRETE SLAB
6-MIL. POLYETHYLENE VAPOR BARRIER OR
EQUIVALENT SEALED TO WALL SURFACE
7 (EXWM13)
: : (2) 2 LAYERS RIGID INSULATION (EPS)

4" MIN. LAYER OF AASHOT #57 GRAVEL

4" PERFORATED FOUNDATION DRAIN
W/ FILTER FABRIC PITCH TO SUMP
OR DAYLIGHT




ENVELOPE DURABILITY

N
o\

WINDOW DETAIL
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CORNER DETAIL

5.5" CORNER BOARD

3/4" X 8" PT PLYWOOD NAILER FOR (TYP) RAIN SCREEN DETAIL
CORNER BOARD AND SIDING
(2) 2" RIGID FOAM INSULATION
L/P SIDING STAGGERED WITH SEAMS SEALED WITH
1X3 FURRING STRIPS DOW LIQUID ARMOUR
_ L /
1 /
|
|
/I
Vi k 1 i}
1X4 NAILER FOR
ATTACHING AND
SEALING THE GWB
SEALANT
1/2" 0SB SHEETING
2%6 STUDS
1/2' GWB
[ 5.5" BLOWN IN CELLULOSE INSULATION
L 1
=]

\

/1 EXTERIOR CORNER DETAIL

)
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' Lstiburek, Joseph W. Builder’s Guide to Cold Climates: Details for Design and
Construction. Newtown, CT: Taunton, 2000. Print.

2 Rashkin, Sam, Glenn Chinery, David Meisegeier, and Dean Gamble.“The
Road to Carbon Neutral: ENERGY STAR for Homes and Beyond.” ACEEE
Summer Study on Energy Efficiency in Buildings (2008): Web.

> Wilson, Alex. “Lessons From Our House That Could Be Applied More
Affordably.” GreenBuildingAdvisor.com. N.p., 20 Mar. 2014. Web. 23 Mar. 2014.
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The Montage, designed to ENERGY STAR and EPA Indoor airPLUS
standards, provides a healthy and supportive indoor environment for
its occupants.

People spend the majority of their time indoors and efficient homes
are built with super tight enclosures; therefore, indoor air quality is

a critical piece of the building systems approach. In fact, because
houses are dwellings for people, human health should represent

the bottom line and trump all else when it comes to the built
environment. Without the natural air changes we are accustomed to
in older inefficient homes, pollutants and allergens must be removed
using mechanical ventilation. Drawing on Biomimicry’s principles of
redundancy, we've eliminated pollutants at the source, incorporated
balanced mechanical ventilation, and installed operable windows
positioned for ideal cross ventilation, maximizing a powerful defense
against potential pollutants for occupants of The Montage.

Figure 1: EPA, Indoor Air Pollutant Diagram.’
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Pollen, dust, radon, volatile organic chemicals, carbon monoxide, moisture,
mold, and toxic building materials represent just some of the potential
pollutants of the indoor environment. The most effective and fail-safe way to
control these pollutants resides at the source. We have detached our garage,
eliminated the use of combustion appliances, installed a passive radon vent,
addressed interior and exterior moisture related risks, selected native plants
for landscaping and to obviate fertilizers, and increased the “clean-ability” of
the house by avoiding wall to wall carpeting.

Although favorable regarding our budget, we eliminated exhaust only and
supply only ventilation as options early on. Exhaust only ventilation places
the house under a negative pressure drawing in air from the paths of least
resistance. This increases the likelihood of bringing in outdoor pollutants
like pollen, dust, car exhaust, and soil gasses. Supply only ventilation was
insufficient as well because we didn't have a ducted heating system that the
unit could be tied into. Bringing in unconditioned air from outside would
clearly have created a comfort issue in our climate.

Using a heat recovery ventilator (HRV) was our best option. Benefits of this
system include a reduction in the heat load, increased comfort, and filtration
of pollutants. Unfortunately, the cost, approximately $5,000 — 7,000 installed,
was above the price range we allotted for ventilation. We continued to
search for more options, finally arriving at the Lunos e2 decentralized heat
recovery ventilator system.

We've addressed all ENERGY STAR and EPA Indoor airPLUS requirements

in our design according to program specifications. To meet the ENERGY
STAR whole house mechanical ventilation requirement, ASHRAE Standard
62.2, which calls for continuous ventilation at a rate of 49 Cubic Feet per
Minute (CFM) in our case, we specified three sets (two per set) of Lunos e2
decentralized HRVs. Equipped with a merv 10 filter, a 60-70% efficient unit
that removes particles as fine as milled flour, and a regenerative ceramic
heat exchanger, these through the wall units are 90.6% efficient at heat and
20-30% efficient at humidity recovery.?
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Panasonic WhisperGreen Exhaust Fan
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Figure 2: Montage Ventilation

We assert air only goes where it is told to go. By strategically placing Lunos
e2 HRV fans in all bedrooms, the away room, family room, and dining room,
we have ensured that all major living areas of the home are continually
washed with fresh air. The Lunos e2 fans operate tandem. While one brings
in supply air, the other exhausts stale air, see Figure 3. These units are
charged by holding the outgoing indoor air for seventy seconds after which
they reverse flow and bring in outdoor air, transferring the stored heat. Three
stages of operation at nine, eighteen, and twenty-two CFM make it possible
to ramp the units up or down as needed. These fans are engineered for quiet
operation, remaining under one sone at their highest capacity.
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Figure 3: Lunos e2 HRV #

The fan set serving the family and dining room will be linked to one set of
controllers, and the four remaining fans serving the bed and away rooms to
another set. As per the manufacturer’s recommendation, the controls will be
simple low-voltage rocker switches, enabling occupant override.

Figure 4: Low-voltage rocker switches for Lunos e2 HRV 5

Creating six holes in our envelope was a concern that we addressed in
our durability details by specifying Roflex 150 airtight gaskets, Figure 5,
to be installed, taped on all four sides with each Lunos e2 unit as per the
manufacture’s specifications.

Figure 5: Roflex 150 airtight sleeve that fits Lunos e2 units ¢
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80 CFM capacity Panasonic WhisperGreen exhaust fans will provide
intermittent local exhaust ventilation for all three bathrooms. These units
are equipped with SmartFlow Optimim CFM Technology which adjusts the
fan speed according to static pressure in the ducts to reach the desired
ventilation rate, which is in our case 50 CFM. In addition to making sure
duct runs to the outside are as short and straight as possible, we elected to
increase the diameter of the R-4 insulated flex duct from four to six inches
to help the already quiet and efficient ENERGY STAR qualified fan run as
resourcefully as possible.’

Figure 6: Panasonic WhisperGreen bathroom exhaust fan &

Although a CustomVent™ Variable Speed Control makes it possible to run
the fans continuously at a low level is available, to support the efficiency of
the Lunos e2 HRV units the fans will be programmed to remain off unless the
occupant calls for ventilation. This also greatly reduces the risk of drawing in
pollutants due to a negative pressure in the home. For complete moisture
removal from the bathrooms, a High/Low delay timer will be set to run for an
additional fifteen minutes after the switch is turned off.

As per ASHRAE Standard 62.2, a 100 CFM minimum capacity range hood
exhaust fan vented to the outside will be used to remove moisture, odors,
and other indoor air contaminants right from the source.

Extinguishing pollutant sources when possible while complying with
ENERGY STAR and EPA Indoor airPlus requirements and meeting ASHRAE
Standard 62.2 using the Lunos e2 HRV units in conjunction the Panasonic
WhisperGreen bathroom reinforces our holistic approach to building and
design. Our strategy does not only address health, it relinquishes the need
for ductwork deals with cost and efficient use of materials and energy. See
Appendix 1 for Indoor airPlus certificate and checklist.
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! “Indoor Air Quality” Department of Public Health. 2 March 2014. <http://
publichealth.lacounty.gov/eh/tea/toxicepi/indoorair.htm>.

2 “ unos E? - One Pair with One Controller” Lunos E. Web. 24 Mar. 2014.

3 “LLunos E? - Two Pair (4 HRV Fans) with One Controller” Lunos E%. Web. 24
Mar. 2014.

4“Lunos E2 - One Pair with One Controller” Lunos E*. Web. 29 Mar. 2014.

5 “LUNOS E2 Installation Guide! YouTube. YouTube, 21 Jan. 2014. Web. 29 Mar.
2014.

6 “"ROFLEX 150." 475 High Performance Building Supply for Foam-free. Web. 29
Mar. 2014.

7 “Learn about Panasonic’s FV-08VKS3! Learn about Panasonic’s FV-08VKS3.
Web. 24 Mar. 2014.

8 “Locations Finder!” Panasonic PANFV13VKML4 WhisperGreen/Green-Lite With
Light Bathroom Fan. Web. 29 Mar. 2014.
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Comprehensive design comes from understanding design conditions.
First, we looked at the typical household energy use in New York
State for a baseline comparison to our project. According to our
sustainability touchstones and calculated loads, we selected

our heating system by comparing the following system types: a
conventional furnace; a clean and efficient electrical mini-split system;
and the cutting-edge, all-in-one, and air-to-water Daikin Altherma
heat pump, which integrates space conditioning and domestic hot
water heating.



AVERAGE HOUSEHOLD ENERGY USE IN NEW YORK STATE

“New York households consume an average of 103 million Btu per year
(15% more than the U.S. average). Since the weather in New York is cooler
than most other areas of the United States, space heating (56%) makes up
a greater portion of energy use in homes compared to the U.S. average,

SPACE CONDITIONING

Al

86 and air conditioning makes up only 1% of energy use." " Syracuse is in
Central New York and climate zone five.
Site Consumption Us MidAtl NY
million Btu
6% 2%

120 17% 17%
100 18%

80 41%

ig 26% o0

20 29%

0 L 35%
us MidAtl NY I Air conditioning [l Water heating [l Appliances, electronics, lighting [l Space heating

Figure 1: Site energy consumption & consumption by end use *

DESICN LOADS AND PRINCIPLES

DESICN LOADS

We used Air Conditioning Contractors of America’s (ACCA) approved
software Elite Software - Rhvac for Manual J, D, and S calculations (8th
Edition, Version 2). A summary of the Manual J is shown in Figure 2. For the
full report, see Appendix 1. This report shows that our design has a heat
load 13,979 Btu/h and a cooling load of 16,743 Btu/h.

%
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Rhvac - Residential & Light Commercial HVAC Loads Elite Software Development, Inc.
Sionehenge Associeles B DOE Challenge Homo Montage Buidors
Troy, NY 12180 2
| Project Report |
| General Project Information |
Project Title: DOE Challenge Home Montage Builders
Designed By: Montage Builders - Northemn Forest
Project Date: Friday, March 14, 2014
| Design Data |
Reference City: Syracuse, New York
Building Orientation: Front door faces West
Daily Temperature Range: Medium
Latitude: 43 Degrees
Elevation: 410 ft.
Altitude Factor: 0.985
Outdoor Outdoor Outdoor Indoor Indoor Grains
Dry Bulb  Wet Bulb Rel.Hum Rel.Hum Dry Bulb Difference
Winter: 2 1.28 n/a n/a 70 n/a
Summer: 87 71 46% 50% 75 24
[ Check Figures |
Total Building Supply CFM: 652 CFM Per Square ft.: 0.217
Square ft. of Room Area: 3,004 Square ft. Per Ton: 2,153
Volume (ft*) of Cond. Space: 26,213
[ Building Loads |
Total Heating Required Including Ventilation Air: 13,979 Btuh 13.979 MBH
Total Sensible Gain: 14,314 Btuh 85 %
Total Latent Gain: 2,429 Btuh 15 %
Total Cooling Required Including Ventilation Air: 16,743 Btuh 1.40 Tons (Based On Sensible + Latent)
[Notes |

Rhvac is an ACCA approved Manual J and Manual D computer program.

Calculations are performed per ACCA Manual J 8th Edition, Version 2, and ACCA Manual D.

All computed results are estimates as building use and weather may vary.

Be sure to select a unit that meets both sensible and latent loads according to the manufacturer's performance data at
your design conditions.

Figure 2: R-hvac Manual J Summary

Although our cooling design load is higher than our heating load, we
chose not to provide cooling for The Montage because we have designed
it with optimal window placement according to the prevailing wind
direction for cross ventilation, heat recovery ventilators, as well as ceiling
fans. Moving air makes people feel up to six degrees cooler than what the
ambient temperature is. Furthermore, the design conditions are rarely
reached as the projected cooling costs in REM Rate at only $49 per year
demonstrate, see Figure 3.

= Annual Energy Costs ($/yr) = Annual Consumption (MMBtu/yr)
330 1.3
49 ) {fra

Figure 3: Cooling energy consumption and cost
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Detailed heating and cooling composition pie charts are shown in Figure 4.

Building
Loss
13,979
Btuh

Floor 16%,

\

Roof 9%___

Wall 28%

Ventilation 7%
/ Door 4%

/

“Glass 36%

Building
Gain
16,743
Btuh

Wall 12%____

Glass 30%

Ventilation 8%

__Equipment 21%

N
People 10%

Door 1%

Figure 4: The Montage heating and cooling load composition

DESIGN PRINCIPLES

Wanting to achieve the same design objectives for our heating system as

for the project as a whole, we looked for a system that would provide high
indoor quality while consuming very little energy and being environmentally
friendly. Based on our touchstones, we set the following goals:

. Provide comfortable and safe indoor conditions by sizing equipment
properly and avoiding the use of combustion appliances.

. Keep it affordable — low installation cost, low operation cost, and low
maintenance cost.

. Use a high efficiency system to reduce energy consumption.

. Avoid natural gas to not support hydrofracking, an issue we are very

familiar with locally.

. Use a system that is easily integrated into a Net-Zero design.

HVAC SYSTEM SELECTION

EQUIPMENT SELECTION

The traditional gas furnace was eliminated as it uses gas which is not
renewable and also not compatible with our mission toward Net-Zero

energy. In addition, it is a combustion appliance which has negative health
implications, especially in tight homes like The Montage. A furnace has a low
initial installation cost but a much higher operational cost (about 15.9%) when
compared to a Daikin Altherma. See the comparison shown in Figure 5.
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Weather:Syracuse, NY Builder

The Montage Montage Builders - NF

DOE House no Solar 0323.blg

Heating Season(MMBtu/yr) The Montage - Nat Gas The Montage Savings %Saved
Ceilings/Roofs 31 31 0.0 0.0%
Rim/Band Joists 0.9 0.9 -0.0 -0.0%
Above Grade Walls 6.4 6.4 0.0 0.1%
Foundation Walls 5.7 5.7 0.0 0.1%
Doors 1.1 1.1 -0.0 -0.0%
Windows/Skylights 7.6 8.8 1.2 -16.1
Frame Floors 0.0 0.0

Crawl Space/Unht Bsmt 0.0 0.0

Slab Floors 2.2 2.2 0.0 -0.0%
Infiltration 4.8 4.8 0.0 -0.0%
Mechanical Ventilation 1.3 1.3 -0.0 -0.0%
Ducts 5.5 0.0 <Hl 100.0%
Active Solar 0.0 0.0

Sunspace 0.0 0.0

Internal Gains -11.0 -11.1 0.1 0.8%
Total 27.5 23.1 4.4 15.9%

Figure 5: Heating energy use comparison of traditional furnace and Daikin Altherma

Because group source heat pumps are proven to be efficient in our climate, we
took the time to compare their benefits to those of air source heat pumps. We
looked at the following factors.?

Installation Cost - air source system has a lower installation cost
compared to ground source.
COP - air source system has very good COP’s 2.2 — 3.4 although it is lower
than ground source.
Operational Cost - air source system has very similar operating costs due
to ground source pumping requirement.
Maintenance, Repair, and Troubleshooting - All components of the
air source system are above ground and accessible; therefore, compared to a
ground source system, they are easier to maintain.

Once we settled on using an air-source heat pump, we did a juxtaposed a
mini-split system and the Daikin Altherma. Mini-split systems are widely used
due to their low initial cost and flexibility. For instance, a mini-split can provide
heating and cooling capacity all in one and heads can be easily configured to
meet various room requirements. However, it can't provide domestic hot water
and areas far from the head may have poor thermal comfort conditions. In
contrast, the Daikin Altherma is an air to water heat pump which can provide
heating, cooling, as well as domestic hot water and it has a distribution system
for maximum comfort. Additionally, it is easily integrated with a solar thermal
system through the use of a “combi” tank or pre-heat tank. Their comparisons
are listed in the table in Figure 6. Finally, we selected the Daikin Altherma for its
all-encompassing proficiencies.
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Daikin Altherma

Mini Split

Install cost

Install cost +++

Versatility +

Versatility -

DHW ++

DHW --

Whole House Comfort +++

Whole house Comfort ---

TOU Rates + TOU Rates --

Off peak rates + Off Peak Rates --
Storage Compatibility ++ Storage Compatibility --
COP ++ COP +++

PV Offset to Zero - retrofit +++

PV offset to zero - retrofit +

PV Offset to Zero - New +++

PV Offset to Zero — New ++

Figure 6: Daikin Alterhma & Mini Split systems comparison table*

A schematic of a Daikin Altherma system integrated with solar thermal is

shown in Figure 7.

Solar
collector
(field supply) :

Low
temperature
radiator !
(field supply)

4/ Solar kit -

Solar pump station
with solar kit option
: (field supply)

"7 Fan Coil
Unit
(field supply)

1A/ Outdoor 2/ Domestic 1B/ Hydrobox Under Floor
unit hot water tank

Heating System (field supply)

Figure 7: Daikin Altherma system>
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EQUIPMENT SELECTION

We choose to use hydronic distribution instead of air distribution due to its
increased delivery efficiency. Using the Daikin Altherma Simulator V4.0.0, we
evaluated three hydronic distribution types as listed in the table in Figure 8.
Because Warmboard Radiant has a high seasonal coefficient of performance
(COP) and low operational cost we wanted to select it; however, its initial
installation cost was out of our budget. We solved this problem by using a local
builder’s method of “making our own,” shown in Figure 9.

Low temp Staple-up Radiant Warmboard
Baseboard Radiant
Required heating 14979 BTU/h 14979 BTU/h 14979 BTU/h
capacity
Energy 3824 kWh 3199 kWh 2402 kWh
consumption
heating
Energy cost heating | 570 $ 477 $ 358%
Spare cap. in 19777 BTU/h 20029 BTU/h 21490 BTU/h
heating, including
BUH
Seasonal COP 2.3 2.8 3.7
Required cooling 16743 BTU/h 16743 BTU/h 17 BTU/h
capacity
Energy 1210 kWh 1210 kWh 1 kWh
consumption
cooling
Energy cost cooling | 180 $ 180 $ 0%
Spare cap. in cooling | 10700 BTU/h 10700 BTU/h 17 BTU/h
Annualized EER 10.9 10.9 11.5
SEER 17.7 17.7 18.6

Figure 8: Distribution systems comparison table
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Figure 9: Heating distribution system on the floor

SYSTEM OPERATION

To control the Dakin Altherma heating system, we have selected a self-learning
Nest thermostat (Figure 10). With auto schedule, the Nest learns each time it is
used and adapts to the occupant’s schedule automatically, and unlike a regular
programmable thermostat, the Nest self-adjusts as the occupant’s schedule
changes. Doing this, it can reduce the annual energy use of a household by up
to 20%. Furthermore, the Nest has a System Match feature where it activates
custom energy-savings depending on the heating distribution systems used.
Most other thermostats are made for forced air systems only.

Figure 10: Nest Thermostat

MAINTENANCE SUMMARY

The occupants will follow the manufacture manual to operate and maintain
the Daikin system.

%
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"2 “Household Energy Use in New York! EIA’s 2009 Residential Energy
Consumption Survey. 12 Feb. 2014. Web. <http://www.eia.gov/consumption/
residential/reports/2009/state_briefs/pdf/ny.pd>.

3 Reference: Mr. Ed Whitaker, DOE Challenge Home Workshop.

4 Reference: Mr. Ed Whitaker, DOE Challenge Home Workshop.

5 “Daikin Altherma.” Daikin.com. 6 Jan. 2014. Web. <http://www.daikinac.
com/content/residential/whole-house/daikin-altherma/>.
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Domestic hot water consumption has been known to account for

up to 15% of the electricity used in residences and is typically the
second largest use of energy in a home.1 In energy efficient homes,
the domestic hot water energy use can have an even greater impact
on energy demand, as a tight envelope requires far less energy to
condition spaces. Studies have shown that the typical American home
wastes roughly 3,650 gallons of water per year waiting for hot water to
arrive.2 These staggering numbers show the importance of designing
efficient domestic hot water systems.

For The Montage, we chose to design the domestic hot water
system based on the guiding principles of reducing demand losses,
stand-by losses, and distribution losses, directly relating to our
touchstone of efficiency. To achieve sufficient reductions in these
areas, we chose to use the WaterSense New Homes Specification,
LEED for homes V2008, specifying ENERGY STAR appliances where
applicable, and following the ICC-700 National Green Building
Standard® to guide our design. Our design goal was to design a water
efficient system using improved technologies that deliver equal or
better service with less water.



DOMESTIC HOT WATER

Ne)
(93

REDUCING DEMAND LOSSES

Reducing hot water demand has been the most challenging part of the
project. How much hot water is used can vary greatly depending on the
occupant. It is imperative to educate the homeowner on strategies to use
less water. Some strategies we chose to educate the owner with are:

Only running washing machines when full.

Not running the faucet while brushing teeth.

Keep a pitcher of water in the fridge instead of running the tap.

Easy access hot water turn off switch to turn off hot water heater when
away for extended periods of time.

Incorporating a Pressure Reducing valve to ensure the water supply is
below 60 psi.

REDUCING STAND-BY LOSSES

Strategies for reducing stand-by losses include:

Insulating solar hot water heater with an R-15 insulating blanket
completely surrounding the tank.
Expected savings = 150 — 450 kWh annually.?
Raising solar hot water heater off the basement floor on an insulated
platform.
Sizing solar hot water heater correctly.
Setting solar hot water heater to heat water to 120 degrees F and
verifying temperature at fixtures
Expected Savings = 100 - 200 kWh annually.?
Utilizing a drain-water heat recovery system to raise temperature of
incoming water before reaching the solar hot water heater.
Second floor shower drains will have a separate line from
the toilet, sharing a common vent above the wet line of the
system.



REDUCING DISTRIBUTION LOSSES

Reducing distribution losses was the area that we were able to make the
greatest positive impact in. Strategies for reducing distribution losses
include:

DOMESTIC HOT WATER

Demand Initiated Recirculation System

Designing recirculation loop to be within 40'+ (2x ceiling
height).

Designing branch lines from recirculation loop to be less
than 10 feet and 2" diameter.

ACT D’MAND C3-100 Recirculation Pump (received
Certificate of Recognition by the US Department of
Energy). Deposits ambient temperate water back
into solar hot water heater (less than 0.6 gallons)
while delivering hot water to fixtures. See Figure 1
below for estimated wait times.

Push-Button initiated instead of sensor initiated. A person
may enter the bathroom for reasons other than hot
water.

All piping is located within conditioned space.

Insulating hot and cold water lines to R-4.6. Insulating cold
water lines ensures condensation will not form on
tubing within conditioned spaces. Properly
installing insulation on all piping elbows to tightly
adhere to 90 degree bend.

Specifying WaterSense approved aerators at fixtures.

Specifying WaterSense approved fixtures.

Planned grey water lines for future ease of adaption.

Specifying Energy Star Dish Washer that uses less than 6.0
gallons per cycle.

Specifying Energy Star Clothes Washer with and MEF>2.0
and WF<5.5.

Ne)
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FIXTURE | PIPE DIAMETER | WATER CAPACITY (0z/ft) | PIPE LENGTH (ft)| WATER VOLUME (gal) | FLOW RATE (gpm) | HW WAIT TIME (s)
Kitchen Sink 1/2" 131 992 0.10 22 | 2.77
Bathroom Sink 1/2" 1.31 8.08 0.08 15 | 331
Bathroom Sink 1/2" 1.31 200 0.02 15 | 0.82
Shower 1/2" 131 10.00 0.10 20 ] 307

]
]

Bath 1/2" 131 8.5 0.08 20 269
Bathroom Sink 1/2" 131 10.00 0.10 15 408

Figure 1: Estimated Domestic Hot Water Wait Times

Sample HW Wait Time Calculation:

Water Volume in Branch(gal) = (Water Capacity(oz/ft)*Pipe Length(ft))/128(oz/gal)
HW Wait Time(s) = Water Volume(gal)/Flow Rate(gpm)*60s

\
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Homeowner Operation & Maintenance Checklist

Quartery

Date last complated

PLUMBING

Faucets and shower heads

Chieck: intencr and exterior faucets for leaks. Clean aerators, Replace washers if necessary,

Crars Ensure speed of dranage s adequate
Drars Clean with baking soda. Pour water down unused drars.
Pipes Trpact visble pipes for leaks,

kitchen and bathroom cabinets

Chick: under and around for keaks,

Talets

Check: for stabilty and leaks.

Solar Hot Water Heater

Check: area around water heater for leaks, If you hawve hard water, dran 1-2 gallons water.

Fistbure freas

Lock: for koose tles (moistura may ba present)

SHW System

Clean dust off solar colectors

Fresure Relief Valve

IMake sure it s not stuck open or cosed

SHW Systemn Check: nuts and bolts attaching collectors to structure for tightness
Panetrations Ersure flashing and sedant around penetrations s in good condition
Supply Test Water Prassure
Fall Date |ast completed

Flumbing shut-off valves

Irspact for proper operation.

Qutside faucets

Dran

Salar Hot Water Heater

Fiish aut hot water to refmove accumiulated sediment.

Faucet asrators

Check: for proper flow of watar, [f the flow is reduced, dean the aerator screens, Duning
the first two manths, the faucet aerators could require more frequent cleaning,

Spring

Date |ast completed

Salar Hot Water Heater

Fish aut hot water to remove accumulated sedimant

3-5 years

Date |ast completed

Domestic Hot Water Loop

Circulate mild acidic solution (vinegar) to avwosd scaling

Solar Hot Water Heater

Irspact anode

Figure 3: Homeowner Operation & Maintenance Checklist
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! United States Government. Environmental Protection Agency. WaterSense.
Washington, D.C. :, 2014. Web. <http://www.epa.gov/watersense/about_us/
index.html>.

2 Klein, Gary. “Hot Water Distribution Systems Part 1” Plumbing Systems &
Design. Mar/Apr 2004.

* Krigger, John, and Chris Dorsi, Residential Energy Cost Savings
and Comfort for Existing Buildings. 5th. Helena MT: Saturn Resource
Management, Inc., 2009. Print.
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DESIGNING LIGHTING TO OUR SURROUNDINGS

Our lighting analysis combined several crucial building components:
passive lighting; room occupancy times and duration; amount

of time spent in the room; lighting level requirements; source of
electrical production; energy use; number of fixtures; and method of
monitoring and control.

When designing the lighting for The Montage, we tried to keep the
natural light level of our local environment, the “Northern Forest.”
The light from our Northern Forest can best be described as warm
and comfortable but not overbearing. It should feel inviting and
have plenty of natural sunlight without glare as if the sunlight is
just breaking through the top of the trees and hitting the ground,
allowing for a constant soft stream of light to fill the home. It was
essential to make sure the home had visible access to the outside to
maximize the amount of natural light and views from light inside.

By strategically placing the majority of the windows on the southern
exposure, the home will receive the most natural light possible when
the sun is at its lowest point in the sky during the winter months.
This will occur during the morning and evening hours, which is

also when the home will be at its highest usage by the occupants.
Placing the windows in this way ensures that the homeowner will be
able to manage the amount of natural vs. artificial light they want

in various rooms during different times of the year. By reducing

the need for artificial light by replacing it with natural light to help
maintain proper lighting levels throughout the day, we will reduce
energy costs.

We researched extensively natural versus artificial lighting sources
and their effects on happiness and health. You can learn more
about the effects of natural vs. artificial light at HealthStatus.com.'
Additional information about the health effects are contained in E.O.
Wilson’s book Biophillia.?
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MANAGEMENT OF NATURAL VS. ARTIFICIAL LIGHTING
FOR HEALTH BENEFITS

Improper management of light in a home, whether it is too much light or
too little, can be harmful to the occupant’s health. With too much natural
light, occupants would constantly close the blinds and rely completely on
the use of artificial light. By relying solely on artificial light, the occupant
would reduce the ability of the occupant to stay healthy as well as restrict
their visible comfort by not being able to look out the windows.

As the sun moves across the sky, the southern house
orientation will allow the most light through its windows
therefore permit the maximum passive lighting. Deciduous
trees will give protection during the summer and allow » B g
more light through during winter. - “~ S
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Figure 3: Homeowner Operation & Maintenance Checklist

The occupancy of rooms at specific times of the day represents another
factor that played a serious role in our design. Designing large, open
spaces with lightly colored reflective ceilings and walls allow The Montage
to reflect the most natural light into the home compared to small rooms
with dark colored walls. This allows the home to maximize the amount of
natural lumens per square foot in each room and use the least number of
fixtures to provide the required light levels. Reducing the reliance



—

© LIGHTING AND APPLIANCES

—

on artificial light also reduces the cooling load. This will ensure a warm,
comfortable atmosphere, which is a vital part of our lighting analysis and
design as well as energy management.

Room Occupancy times with Lighting Levels

Dining Room 7am-9am & 5pm-7pm 3200
Living Room 5pm - 10pm 4000
ADA Bed 8pm - 12am & 6am-9am 1600
1st Bed 8pm - 12am & 6am-9am 1600
2nd Bed 8pm - 12am & 6am-9am 1600
Master Bed 8pm - 12am & 6am-9am 2400
ADA Bath 8pm - 12am & 6am-9am 3200
Guest bath 8pm - 12am & 6am-9am 3200
Master Bath 8pm - 12am & 6am-9am 3200
Hallway 8pm - 12am & 6am-9am 2400
Stairs 8pm - 12am & 6am-9am 1600
Kitchen 7am-9am & 5pm-7pm 5680
Mud room 7am-9am & 7pm - 11pm 800
Foyer 8pm - 12am & 6am-9am 1600

Figure 2: Rooms with Lighting Levels

The lighting type was a major determining factor in our lighting analysis
because a well-lit home while using the most energy efficient products

was an important concept towards changing the way we build homes.

During the initial comparison of lighting types, we looked at three main
sources of light: incandescent (as a control), compact florescent lighting
(CFL), and light emitting diode (LED).
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omparison Po D andesce

Watt Bulb (or Equivalent) 60 60 60

Lumens/Watt 88 57 13

Lumens 800 800 780

Avg. Cost $14.00 $9.00 $0.75

Energy Consumption (watts/hr.) 9 14 60

Average lifespan (LS) (Hours) 30,000 10,000 2,000

Average Use per day (hrs.) 3 3 3

Yearly Energy use (kWh) 10.0 15.4 65.7
omparison Po D andesce

Avg. LS in Years 27.4 9.1 1.8

Energy used over Bulb LS (kWh) 272.7 140.4 120

Cost per kWh $0.145 $0.145 $0.145

Energy cost over bulb LS $39.55 $20.35 $17.40

Yearly Energy Cost S 1.44 S 2.23 S 9.53

Bulbs required to meet LED LS 1 3 15

Bulbs cost over LED LS $14.00 $27.00 $11.25

Energy consumed to meet LED LS (kWh) 272.7 421.1 1800

Total Energy Cost compared to LED LS $39.55 $61.05 $261.00

Total Cost plus cost of bulb $53.55 $ 88.05 $272.25

Estimated environmental impact by recycling
mercury in bulb 0% 25% 0%
Return on investment 35.40% 33.17% 4.31%

Figure 3: Bulb Type Comparison

Based on the information in the chart above, we were able to conclude the
best return on investment was from LED fixtures/bulbs because the energy
use over time and environmental impact was less compared to recycling
the mercury content found in CFLs. Energy-wise CFLs are significantly
more efficient than incandescent bulbs, but we questioned the benefit of
increasing energy savings at the cost of allowing mercury into the home.
In every standard CFL bulb (60W Equivalent), there is 5mg of mercury.

For homeowners the danger of mercury in CFLs is serious and requires
specific measures to dispose of properly. “Do no harm,”human health, and
performance are priorities when designing our lighting system. It is our
belief that the increase in safety by using LEDs outweighs the cost savings
from CFLs.

Therefore, we implemented all ENERGY STAR LED fixtures and bulbs into
our lighting design. Using LED lighting reduces our home’s overall energy
consumption, making it much easier to achieve Net-Zero due to a reduced
electrical load.




Understanding the times of the day a room is occupied is important while
designing the lighting infrastructure. As the amount of time a household
spends in a room increases, the reliance on electrical energy also increases.
For example, members of a household will spend more time in the

kitchen and living room compared to the bathroom, thus placing a higher
emphasis on electrical energy needed to supply these rooms.
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fixtures, and dimmable switches we have given the home owner the ability
to change the lighting mood to their preferred setting in high use areas.

High use rooms in The Montage have dimming switches incorporated to
manage energy use. Individual Lutron dimming switches will allow the
homeowner to adjust the light in several rooms such as the living room
and dining room. From an energy management perspective, this is a great
way to give the homeowner the ability to control lighting levels when full
density light can be overwhelming since every installed Lutron Dimmable
switch automatically reduces the load of a lighting circuit by 5%. See
Appendix 1 for more details.

KITCHEN

The lighting design of the kitchen involves several recessed down lights
illuminating the area between the island and the main counter. Under
cabinet LED lights illuminate countertops, giving a generous amount of
task lighting. The appeal of our design is based around the practicality
of installation as well as simplicity of our design, keeping it manageable,
efficient, cost effective, and universal.

BATHROOM

All of the bathrooms contain two simple fixtures that are ENERGY STAR
rated with LED bulbs: one vanity fixture and one fan light. These two
fixtures provide ample lumens for the bathrooms with three LED efficient
bulbs in each.
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FRONT PORCH

The Montage’s front porch has three main fixtures: two LED surface
mounted fixtures that will illuminate the porch and one LED wall mounted
security light. The two surface mounted fixtures will create a warm and
inviting atmosphere. The wall mounted LED light will be controlled by a
separate switch and has several illuminates the front porch and mitigate
home intrusions because it's a well-lit area.

MUD ROOM TO GARAGE EXTERIOR LIGHTING

On the exterior of The Montage’s mud room, next to the door an essential
lighting design has been implemented: two LED wall mounted fixtures.
These fixtures will be controlled from both inside the house as well as
from inside the garage for ease of visible access into the home, ADA
Compliance, safety, and security.

MASTER BEDROOM CONTROL LIGHTING

A safety feature our team implemented into The Montage is a lighting
control switch in the master bedroom. The lighting control switch controls
LED exterior lights along the back entrance of the house and driveway.
This is primarily useful for security so that the occupant can illuminate the
outside of the house without needing to walk downstairs in the event of
an emergency or if someone arrives home late.

Dining

Room 119.3 3200 | 10to 20 26.8
Living

Room 237 4000 | 20to 55 16.9
ADA Bed 107.8 1600 | 10to 20 14.8
1st Bed 119.1 1600 | 10to 20 13.4
2nd Bed 119.1 1600 | 10to 20 13.4
Master Bed 184.5 2400 | 10to 20 13.0
ADA Bath 73.2 3200 | 10to 20 43.7
Guest bath 68 3200 | 10to 20 47.1
Master

Bath 62.5 3200 | 10to 20 51.2
Hallway 71.7 2400 | 10to 20 335
Stairs 50 1600 | 20to 30 32.0
Kitchen 138.4 5680 | 20 to 55 41.0
Mud room 67.1 800 | 10to 20 11.9
Foyer 86.7 1600 | 10to 20 18.5
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Understanding the times of the day a room is occupied is important while
designing the lighting infrastructure. As the amount of time a household
spends in a room increases, the reliance on electrical energy also increases.
For example, members of a household will spend more time in the
kitchen and living room compared to the bathroom, thus placing a higher
emphasis on electrical energy needed to supply these rooms.

By maximizing the amount of light by proper window orientation, ample
fixtures, and dimmable switches we have given the home owner the ability
to change the lighting mood to their preferred setting in high use areas.

Flushmounted
Surface Light
(LED & ES)

(Type D)

5 18 8 144 720

0.72

365

262.8

Flushmounted CFL
Globe Light (LED 8 26 8 208 1664
& ES) (Type C)

1.66

365

607.36

Bathroom vanity
Lights (LED) 3 24 3 72 216

(Type B)

0.22

365

78.84

6" LED Recessed

Downlight (Type I) 2 20 8 160 320

0.32

365

116.8

LED Light with

It (A 2 10 8 80 160

0.16

365

Light Socket w/
LED Bulb (60W
LED $13.97)

(Type F)

12 9 4 36 432

0.43

365

157.68

70CFM Exhaust
Fan W/LED Light 3 26 4 104 312

(Type E)

0.31

365

113.88

Exterior Wall
Lighting LED 3 10 4 40 120

(Type G)

0.12

365

43.8

LED Motion
sensor lighting 2 26 3 78 156

(Type L)

0.16

365

56.94

LED Dining room
& Island Light 2 20 8 160 320

(Type J)

0.32

365

116.8

12" LED Snap
Lights (Type H)

0.17

365

61.32

LED Front Porch

Light (Type K) 2 8.3 4 332 66.4

0.07

365

24.24

Total kWh

1698.86

Cost/ kWh

§ 0.145

Total Cost

$ 246.33

Figure 5: Light Energy Analysis
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Our predicted kWh analysis of the lighting system estimated that the
annual amount of energy needed to power our LED lighting system would
be approximately 1,700 kWh/ yr.

In order to educate and consciously inform the homeowner in real-time
about their energy use we have implemented The Total Energy Detective
(TED). The Energy Detective is a home energy management system

that displays energy usage on a computer screen (Appendix 2). Itis an
inexpensive and efficient method to manage energy in a simple and easy
to understand format. A real-time graph of the amount of energy The
Montage uses will be displayed while computing the cost of current and
future energy bills. The TED system monitor software can be installed on
your home computer where you can monitor, record, and view data on
your desktop or laptop.

Only ENERGY STAR appliances are specified for The Montage. These
appliances will use less energy than conventional appliances. The figures
can be seen below in Figure 6.

Range/oven 4.9 cu. Ft. varies (~985) | Yes Black
Dishwasher 24" 264 | Yes Stainless Steel
25.2 cu.

Refrigerator/Freezer Ft. 481 | Yes Stainless Steel

Microwave/Range fan 24" varies (~306) | Yes Stainless Steel
Predictable

Washer/dryer Not Inc. 800 | Yes Energy Use

Estimated kWh/yr. 2224

Cost/kWh $0.145

Total Cost $322.48

Figure 6: Appliance Energy Analysis

Furthermore, to achieve Net-Zero, it’s beneficial to have all electric
appliances, allowing the PV system to offset all appliance use. The
anticipated load for all appliances is 2225kWh/yr. This includes all installed
and any future appliances such as a washer or dryer.



! “Artificial Light and Health.” HealthStatus.com. 29 Feb. 2014. Web. <http://
www.healthstatus.com/health_blog/wellness/artificial-light-and-health/ >.

2 Wilson, Edward. Biophillia. 1984.
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> “Top 10 Benefits of Light Control.” Lutron.com. 12 Dec. 2014. Web. <http://

107 www.lutron.com/en-US/Education-Training/Pages/LCE/GreenBenefits.aspx>.
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In a recent blog post, These Ain’t Yer Grandpappy’s Heat Pumps, Allison
Bails sums it up best, “Build an all-electric, micro-load home, add
enough photovoltaic modules, and voila, you're at net zero energy
use, producing as much as you use!” This is exactly the approach we
took to achieving Net-Zero with The Montage. We focused first on
reducing our load by maximizing our envelope’s efficiency. Then we
selected ENERGY STAR lighting and appliances as well as the Daikin
Altherma, a combined space conditioning and domestic hot water

system, which is easily integrated with solar thermal.

PV Shading Array Diagram

\ Figure 1: Solar PV Shading Array
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Figure 2: TED display

We incorporated The Total Energy Detective (TED) Electricity Monitor

into our design. This system provides the homeowner with the ability

to monitor real-time energy use of the following components: lighting,
heating, PV production, and appliances. Naturally, it empowers the

owner to alter his behavior should he see the need. According to the
manufacturer, using a TED system will save a homeowner anywhere from 5
- 30% on his electricity bill, a significant contribution toward lowering the
total load and enabling a PV system to cover it fully.?

THETED SYSTEM BENEFITS OVERVIEW

Solar - TED records production and consumption detail as well as
showing net monitoring.
The average TED user saves 5 — 30% off his electricity bill.
Being 99% accurate, TED will provide exportable data.
Affordable - the average TED user finds the unit to pay for itself within a year.
TED helps users discover energy hogs and phantom loads.
Allows users to predict their monthly bills using local utility rates.?



HEATING SYSTEM MANAGEMENT

As mentioned and outlined in our space conditioning section, we chose
the Nest thermostat to regulate our heating system and reduce heating
cost by 20%, an efficient measure to assist our Net-Zero achievement.

ZERO NET ENERGY USE

o THE MONTAGE ENERGY CONSUMPTION ANALYSIS:

***does not include water heating cost

Component kWh/yr. Cost
Lighting 1700 | $ 246.50
ENERGY STAR Appliances 2225 | $322.63
Electrical Load 2075 | $300.88
Heating System 2400 | $348.00
PV Production -8400 | $(1,218)
Total Energy 0| $0.00

Figure 3: The Montage’s estimated total energy consumption

RENEWABLE ENERGY SYSTEM SELECTION

To ensure an appropriate renewable energy system selection for The
Montage at 201 Hubbell Ave, we conducted research, studied the site using
a solar site assessment tool (SSAT), and spoke with local contractors about
the potential for wind, geothermal, and solar at our location. According to
our lot conditions, budget, and goals, we determined a combination of solar
PV and solar thermal to be our best option.

Please note that the site specific data is missing because of the EPA’s system
failure. This tool has been down for several weeks and if there are any
concerns on the site specific data anyone may contact James Critchfield
from the EPA at (202-343-9442) who is in charge of the system. He would be
happy to answer any of your questions or concerns about Northern Forests
Solar Site Assessment.

%
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To provide solar photovoltaic readiness, we followed the Environmental
Protection Agency’s (EPA) Solar Photovoltaic (PV) Renewable Energy Ready
Home specifications (RERH) and filled out the corresponding checklist
(Appendix 1,2). Our design meets all of the requirements, for example
meeting the minimum dead-load specification for the roof.

The total proposed size of The Montage’s photovoltaic system is 8kW
covering 450 sq. ft of its south facing roof (177° azimuth). It will consist

of twenty-seven 275 watt panels that have the production capabilities of
8,400 kWh - 8,840 kWh per year. According to our quote from CNY Solar,
the system will cost roughly $12,200 after all state and federal incentives
have been applied. Applying a rate of $0.15 per kWh, this system will offset
$1,147 of our projected $1,257 annual utility costs.

PV System Financial Analysis

Energy Production kWh/yr 8400
Cost of kWh S 0.15
Utility Cost w/o PV S 1,257.00
Total Cost With PV S 110.00
Total Savings S 1,147.00
Payback of PV System (Years) 10.6

Figure 4: PV System Financial Analysis

This system will be controlled by two string inverters, a Sunny Boy 5000 and
a Sunny Boy 3000. The two inverters will be installed in the basement on a 4’
x 8'sheet of plywood and fed into a 70 amp breaker in a 225 amp panel box.
We used string inverters over micro inverters because they are compatible
with a future battery back-up system.
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Homeowner Photovoltaic Operational Maintenance Checklist

Remove all debris from top of panels
{Branches, leaves, snow, ice etc.) If you feel
comfortable (Safety First)

Wash all dirt off of panels either in the
morning or at night {During mid-day could
crack panels)

Do not use detergent when washing
(WATER ONLY)

Inspect Roof Anchors for potential rust
{Needs replacement)

Inspect for cracks, chips and discoloration
in panel and note location for future
inspection (This is to ensure the problem
does not develop further).

Yearly

Installer Inspection Points Date

Notes

Call and schedule an annual inspection
from installer to cover the potential
following components:

Panel defects and efficiency

Exterior Wiring and conduit attachments
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Anchor bolts (RUST)

Panel framework and integrity

Inverter efficiency

Leaks in battery

Storing efficiency of battery

Connection with battery

Connection with Panel Box

Figure 5: PY Homeowner Maintenance Checklist

With 2x6 studs, The Montage is equipped to support the additional load of
a solar thermal system on its south facing wall. This placement was chosen
according to the advice of Gary Klein who urged us to make sure the system
would not produce more than needed during the summer. Overhangs and
deciduous trees will shade the array during the hot summer months; in the
winter, when the sun is lower in the sky and leaves are off of the trees, they
will be fully exposed.

A solar thermal evacuated tube system was selected and sized to reduce
the domestic hot water load for The Montage. By adding the system to

our already very reduced utility cost, we offer the owner an estimated
monthly utility cost of $2. We followed the EPA’s Solar Water Heating (SWH)
Renewable Energy Ready Home specifications (RERH) and filled out the
corresponding checklist (Appendix 3,4) The checklist covers all relevant
solar data such as azimuth of the system, potential tilt, size of system,
location of system, and any solar shading. This system will offset most of The
Montage’s hot water production.
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Solar Thermal Financial Analysis
Cost of System (With incentives) $ 1800
Estimated Total kWh Savings/yr. 552 kWh
Cost of kWh $0.15
Total Cost Savings/yr. S 80
Payback in Years (No incentives) 75
Payback in Years (With incentives) 22.5

Figure 6: Solar Thermal Financial Analysis

MAINTENANCE OF SOLAR THERMAL:

Make sure there are no leaks in the system.
Clean any debris form the surface of the collectors r

egularly.

Ensure your pump is working (cost to replace $200-300 and lasts about 10

years).
Have the collector serviced or checked by the instal

ler every year.

TED helps users discover energy hogs and phantom loads.

Touch the tubes while the system is on to ensure it i

s warming the water.

' Bails, Allison.” These Ain't Yer Grandpappy’s Heat Pumps! Energy Vanguard

Blog. Web. 29 Mar. 2014.

> “TED The Energy Detective Electricity Monitor” TED The Energy Detective

Electricity Monitor. Web. 30 Mar. 2014.

* “TED The Energy Detective Electricity Monitor.” TED The Energy Detective

Electricity Monitor. Web. 30 Mar. 2014.
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See Construction Documents Folder



THANK YOU!
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